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INTRODUCTION 

The  following  are  the  study  Aims.  We  report  progress  on  three  Aims:  1,  2  and  3  (marked  by  *). 

I.  Clinical  (existing  agent ) 

*Aim  1.  Test  2nd  gen  designer  T  cells  for  OBD  and  efficacy  in  metastatic  breast  cancer 
*Aim  2.  Test  ancillary  procedures  for  improved  persistence  and  activity  of  infused  cells 

II.  Pre-clinical:  Advanced  Research  &  Development 
*Aim  3.  Devise  and  preclinically  test  3rd  generation  CIRs 

*3.1.  To  create  and  test  other  CIR  designs  with  alternative  co-stimulatory  domains 

*3.2.  To  create  and  test  CIR  to  avoid  need  for  IL2  supplement  in  vivo  to  sustain  T  cell  survival 

III.  Clinical  (new  agent) 

Aim  4.  Test  safety  and  efficacy  of  3ld  gen  designer  T  cells 


BODY 

Aim  1.  To  test  2nd  gen  designer  T  cells  in  metastatic  breast  cancer 

A.  Background 

This  Aim  applies  a  randomization  of  12  subjects  to  -IL2  or  +IL2  arms  at  the  maximum  tolerated 
dose  (MTD)  or  maximum  practical  dose  (MPD)  of  designer  T  cells  under  a  Phase  lb  design. 

This  will  test  the  optimal  biologic  dose  (OBD)  in  terms  of  the  benefit  of  IL2  to  T  cell  persistence 
and  activity  in  vivo. 

There  were  three  dose  levels  in  the  original  Phase  la:  10A9,  1 0A 1 0  and  1 0A 1 1  T  cells.  During 
this  report  period,  we  treated  our  final  patient  on  the  1 0A 1 0  dose  (level  2),  completing  the  first 
two  cohorts.  In  the  first  two  cohorts,  all  patients  had  good  tolerance  of  the  designer  T  cells.  One 
patient  had  a  minor  response  to  treatment,  with  shrinkage  of  brain  and  lung  mets,  but  with 
resurgence  of  disease  in  subsequent  months.  This  is  a  situation  in  which  we  postulated  that 
addition  of  IL2  will  allow  a  more  prolonged  and  deeper  response.  A  second  patient  had  stable 
disease  without  other  effective  treatment  for  12+  months. 

B.  Dose  preparation 

There  are  two  elements  of  dose  preparation:  (1)  T  cell  modification  (creating  designer  T  cells), 
and  (2)  T  cell  expansion  (to  meet  the  dose  size  requirements).  During  the  recent  period,  we 
made  significant  advances  in  both  areas. 
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(1)  T  cell  modification 


During  the  Phase  la  portion  of  the  study,  we  confronted  modest  dTc  modification  efficiencies 
(10-20%)  that  got  worse  with  the  mid-dose  level,  where  more  cells  had  to  be  modified.  This  was 
in  large  part  due  to  poor  vector  titer  from  an  error  at  the  National  Gene  Vector  Lab  that  prepared 
the  vector  under  contract  to  us.  Another  vector  we  had  made  against  a  different  tumor  antigen 
had  modifications  routinely  in  the  50-60%  range.  During  this  period,  we  addressed  this  problem 
by  two  means: 

(a)  Retronectin-enhanced  transduction.  As  previously  noted,  we  explored  the  benefit  of 
retronectin  to  improve  transduction  (Td)  efficiency.  Results  showed  a  50-100%  increase  in 
transduction  efficiency.  Approvals  to  use  this  agent  were  obtained  from  Takara  Biotech  (Tokyo) 
to  receive  clinical  grade  retronectin,  which  was  consented  to  with  a  reduced  price  for  our  study; 
by  the  FDA;  and  by  the  RWMC  IRB.  During  this  period,  we  applied  this  in  the  final  patient  to 
complete  the  Phase  la,  second  cohort  of  designer  T  cell  treatment.  Improved  Td  efficiency  of 
25-30%  was  obtained  versus  levels  of  5-15%  previously. 

(b)  New  vector  supernatants.  As  mentioned  above,  the  NGVL  initially  mis-prepared  our  vector: 
they  manufactured  the  virus  at  the  wrong  temperature  (37C),  which  we  have  shown  greatly 
reduces  titer  versus  our  standard  collection  temperature  (32C).  During  year  2,  the  NGVL 
reprepared  a  new  batch  of  vector  at  a  reduced  cost  $50,000  to  the  grant  (normally  $150-200,000). 
The  titer  is  50%  better  than  the  prior  batch.  The  batch  underwent  safety  testing  and  was  released 
in  the  Q6  period  for  human  use. 

(c)  Vector  dilutions.  We  have  shown  that  the  vector  dilution  can  be  performed  without  loss  of 
transduction  efficiency,  down  to  1:3.  This  is  due  to  inhibitors  in  the  medium  that  the  VPCs 
produce.  When  the  inhibitor  diluted  out,  the  transductions  increase,  until  the  virus  level  declines 
too  greatly.  This  will  allow  conservation  of  the  vector  supernatants,  which  are  very  expensive. 

(2)  T  cell  expansion 

(a)  Background 

For  the  Phase  lb  portion  under  DOD  funding,  we  needed  to  go  up  one  log  in  our  expansions  to 
achieve  dose.  We  were  generally  successful  with  the  10A9  and  10A10  doses.  But  the  1 0A 1 1  dose 
level  presented  significant  challenges.  For  example,  patient  #1  (CS)  at  the  1 0A 1 1  dose  level  had 
the  following  transduction  and  expansion  data,  starting  with  10A9  cells,  our  maximum  for  Td. 

CS  Harvest  1:  4  TD's  performed  (300  ml  vector/TD)  1200  ml  vector  used  in  run 

Total  Cells:  12.7E9  %  Modified  =  51.4  % 

CS  Harvest  2:  4  TD's  performed  (300  ml  vector/TD)  1200  ml  vector  used  in  run 

Total  Cells:  11.1E9  %  Modified  =  42.3  % 
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All  transduction  (Td)  efficiencies  were  very  good  (42-51%),  some  of  the  best  we  have  seen  with 
this  vector.  To  achieve  this,  we  applied  procedures  we  developed  using  retronectin  (RN)  as 
above.  However,  we  encountered  difficulties  with  this  patient’s  T  cell  expansions.  Our  target 
was  10A1 1  cells  or  whatever  we  could  achieve,  which  we  tenn  the  “maximum  practical  dose” 
(MPD).  Despite  two  expansions  and  pooling  them  for  her  dose  (using  enormous  quantities  of 
vector,  2.4L),  each  dose  only  increased  about  10-fold  from  the  activated  T  cells  to  the  expansion. 
This  was  adequate  for  the  preceding  doses  of  10A10  cells,  but  falls  far  short  of  the  target  dose  of 
10A11. 

(b)  Strategies  for  improving  dTc  expansions. 

The  source  of  the  difficulty  was  not  obvious.  We  previously  prepared  seven  doses  of  10A1 1  dTc 
in  our  prior  1st  generation  CEA  dTc  study  some  10  years  before.  A  full  review  of  prior 
procedures  did  not  reveal  an  obvious  difference. 

At  this  point,  we  undertook  to  collect  information  from  diverse  sources  on  expanding  T  cells. 

We  obtained  the  rapid  expansion  protocol  (REP)  from  Mark  Dudley  (Steve  Rosenberg  group  at 
NCI)  that  used  high  dose  IL2  to  expand  tumor  infiltrating  lymphocytes  (TILs).  We  obtained 
from  Dr  Bruce  Levine  at  UPenn  beads  coated  with  antibody  to  CD28  and  CD3.  These  provide 
double  signals  to  the  T  cells  and  allow  them  to  be  boosted  in  their  proliferation  when  their 
expansion  rate  slows.  We  first  explored  high  doses  of  IL2  to  overcome  the  lag  that  occurs  during 
the  T  cell  expansion.  This  proved  to  be  productive.  The  tests  of  beads  (adding  another  step  to 
the  protocol)  have  been  deferred. 

As  mentioned  above,  we  had  difficulty  reaching  our  highest  (lell)dTc  cell  dose  in  patient  #1  at 
this  IL2  level,  requiring  multiple  T  cell  activations,  transductions  and  expansions,  still  falling 
short  of  target.  If  this  was  the  best  we  could  do,  we  would  simply  call  that  our  maximum 
practical  dose  (MPD).  Not  satisfied  with  this,  however,  we  embarked  on  some  tests  using  high 
dose  IL2  and  also  tried  increased  concentrations  of  activating  anti-CD3  antibody,  OKT3. 

There  were  four  tests: 

OKT3  ug/ml  IL2  IU/ml 

1.  30  300  (Standard) 

2.  60  300 

3.  30  3000 

4.  60  3000 

Peripheral  blood  mononuclear  cells  (PBMC)  were  seeded  at  2e6/ml  in  20  ml  AIM  V  clinical 
grade  growth  medium  (GM)  under  the  conditions  listed.  Typically,  there  is  cell  loss  in  the  days 
after  activation,  due  to  adherence  and  removal  of  PBMC  monocytes  from  liquid  phase  and 
possibly  apoptosis  of  some  T  cells.  Following  this,  there  is  an  explosive  expansion  of  the  T  cell 
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fraction  that  typically  has  been  in  the  range  of  10-100  fold  expansion  over  a  two  week  period, 
after  which  the  T  cells  plateau  then  decline  in  number. 


As  seen  in  the  experiment  of 
Figure  1,  the  expansion  with 
standard  dose  IL2  follows  this 
pattern,  and  plateaus  at  14d 
after  a  20-fold  expansion  and 
then  declines. 

Extraordinarily,  the  expansion 
with  high  dose  IL2  continues 
for  50d  in  log  phase  and 
declines  only  after  day  52, 
with  a  net  expansion  of  le7- 
fold  (10  million-fold)!  We 
examined  30  ug/ml  versus  60 
ug/ml  OKT3  and  there  was  no 
difference  in  the  profiles.  The 
experiment  was  repeated 
using  another  nonnal  donor 
with  similar  results,  with  100- 
fold  expansion  with  300 
IU/ml  and  le8-fold  expansion 
with  3000  IU/ml. 


Cell  Growth  by  fold  increase 


Figure  1.  High  IL2  extends  proliferation  of  activated  T  cells. 


With  these  data,  we  changed  the  manufacturing  SOP  to  incorporate  high  IL2,  effective  with 
patient  #2  on  the  Phase  lb.  This  is  a  significant  additional  cost  in  terms  of  IL2,  but  it  is 
completely  justified  by  these  results. 


(c)  Application  to  Prometheus  to  permit  high-dose  IL2  for  expansions. 

These  data  were  shared  with  Prometheus  (licensed  by  Novartis  to  manage  Proleukin  [IL2]). 
After  an  internal  review,  the  company  consented  to  continue  its  support  of  the  trial  with  IL2 
under  this  expanded  requirement.  The  final  documents  are  being  prepared. 

(d)  Patient  dose 


This  method  was  applied  in  the  instance  of  patient  #2  (VS).  She  had  a  much  improved 
expansion,  ultimately  harvesting  after  a  50-fold  growth,  >5el0  cells,  which  was  50%  of  target,  in 
a  single  expansion. 


7 


VS  Harvest  1:  3  TD's  performed  (150  ml  vector/TD  forTD  1  and  2) 

(200  ml  vector  used  for  TD  3)  500  ml  vector  used  in  run 
Total  Cells:  53.0E9  %  Modified  =  42.9  % 


Although  this  was  a  substantial  improvement  over  the  dose  expansion  with  Patient  #1,  the  net 
expansion  at  32  days  (50-fold)  was  still  far  less  than  that  of  the  control  preclinical  tests  we  did 
with  normal  random  donors  (1000-fold).  This  difference  could  be  due  to  the  effect  of  multiple 
prior  chemotherapies  to  damage  the  patient  T  cells;  to  determine  this,  we  will  need  to  see  how 
different  patient  donors  do  in  parallel  tests  with  normal  donors. 

On  the  other  hand,  we  did  make  note  of  a 
curious  step-like  pattern  on  the  expansion 
we  had  not  seen  during  the  preclinical  tests 
Graph)  that  appeared  to  impede  the  net 
growth.  This  step  pattern  seemed  unlikely 
to  be  a  patient  issue.  We  speculated  that 
this  might  instead  be  due  to  a  toxic  effect  of 
the  added  fresh  media  that  preceded  each 

slowing.  Since  the  basal  media  itself 
(AIM-V)  was  the  same  for  both  the 
preclinical  and  clinical  expansions,  this 
could  only  be  explained  by  the  different 
sera:  the  preclinical  tests  employed  fetal 
calf  serum  (FCS),  which  was  heat- 
inactivated  (HI),  whereas  our  human  serum 
(HS)  supplementing  the  clinical  culture  was 
not  HI. 

Since  this  time,  we  have  done  an  expansion  in  parallel  with  both  HI  and  non-HI  human  serum. 
These  tests  showed  an  expansion  of  1000-fold  with  normal  donor  cells  by  32  days,  like  the 
expansions  with  FCS,  but  with  only  a  two-fold  benefit  for  using  HI  human  serum.  This 
confirmed  a  better  growth  of  the  HI  serum  medium  (not  shown),  but  the  deficiency  versus  HI 
was  only  2-fold,  not  20-fold  as  seen  in  the  patient  #2  expansion.  Therefore,  it  remains  possible 
that  the  conditions  of  the  patient  cells  themselves  are  a  variable  in  the  expansion  kinetics. 
Regardless,  the  expansion  with  high  dose  IL2  and  HI  sera  should  bring  all  patients  into  the  range 
of  the  10A1 1  cell  dose  target. 

Bringing  together  these  benefits,  the  next  patient  (#3)  will  have  her  cells  expanded  in  AIM-V  + 
5%  HI  HS. 


VS  T-Cell  Growth  Curve 
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Figure  2.  Patient  #2  (VS)  growth  curve  with  high  IL2 
(3000  lU/m) 


8 


C.  Patient  Enrollments 


During  the  past  year,  we  enrolled  and  treated  the  final  patient  on  the  Phase  la  of  anti-CEA 
designer  T  cells.  We  then  initiated  the  Phase  lb  portion  with  the  1 0A 1 1  T  cell  dose  (level  3) 
under  DOD  support.  This  includes  a  randomization  to  -IL2  or  +IL2  co-administration. 

Patient  #1  randomized  to  +IL2.  She  had  a  dose  prepared  that  was  0.2xl0Al  1  T  cells,  under 
target,  for  reasons  discussed  above.  She  had  dTc  administered  without  complication.  She  had 
side  effects  attributed  to  IL2,  with  respiratory  difficulty  and  a  brief  hospitalization.  Within  three 
days,  she  fully  recovered.  She  was  not  resumed  on  IL2  but  continued  to  be  monitored.  She  had 
tumor  biopsy  (liver)  on  days  +2  and  14.  These  were  stored  for  batch  analysis  with  other  patient 
samples. 

During  the  2  weeks  following  dTc  administration,  her  tumor  markers  underwent  a  modest 
decline,  then  resumption  of  their  upward  course  after  this  period.  It  is  possible  that  with  full 
10A1 1  dose  of  dTc  and  IL2  as  planned,  she  could  have  had  a  sustained  and  much  deeper  tumor 
suppression. 


-28  -21  -14  -7  0  7  14  21  28  35 

Days  of  Treatment  -*-CEA  CA  27-29 

Figure  3.  Patient  #1  (CS)  was  treated  with  dTc  on  day  0.  Prior  data  of  tumor 
markers  were  from  day  -40,  with  line  drawn  on  graph.  Values  were  approx¬ 
imately  linear  in  growth  leading  up  to  the  day  0  values.  IL2  was  given  only 
day  0-day  3.  The  markers  had  their  nadir  at  two  weeks  (14  days). 
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Patient  #2  randomized  to  +IL2.  Her  dose  preparation  yielded  0.5xl0Al  1  cells,  as  documented 
above.  Unfortunately,  this  patient’s  clinical  condition  deteriorated  due  to  cancer  progression  and 
she  was  excluded  from  treatment  on  the  day  of  her  scheduled  infusion.  (Drop-out) 

Patient  #3  randomized  to  +IL2.  She  enrolled  on  June  10,  201 1.  She  will  undergo  leukopheresis 
on  June  14,  2011,  with  dose  preparation  to  follow,  employing  our  newly  improved  methods 
(above). 

C.  Activities  for  Patient  Recruiting 

This  is  new  technology,  in  which  methods  are  evolving  and  new  challenges  had  to  be  addressed 
at  each  dose  level  in  the  dTc  preparation.  While  methods  were  being  perfected,  we  did  not 
aggressively  recruit  patients  until  we  had  confidence  all  could  be  treated  with  the  high  doses  we 
planned.  Although  further  improvements  may  be  considered,  we  are  satisfied  with  the  recent 
changes  in  manufacturing  procedures  that  all  patients  can  now  reach  target  doses.  This  will 
allow  a  test  of  our  hypothesis  of  adequate  T  cells  and  benefit  of  IL2  co-administration. 

With  this  positive  development,  we  are  now  confident  in  our  procedures  and  now  begin  a  very 
active  outreach  to  recruit  patients  and  achieve  our  treatment  goals.  In  anticipation  of  this 
eventuality,  the  PI  met  with  Dr  Susan  Love  at  the  AACR  meeting  in  2010,  whose  Love/ Avon 
Army  of  Women  foundation  has  a  tremendous  email  data  base  of  patients  and  support  groups. 
During  2011,  our  protocol  was  reviewed  by  their  Scientific  Advisory  Board,  and  a 
recommendation  was  made  to  assist  us  in  this  important  effort.  The  LAAW  will  support  our 
recruitment  efforts  with  emailings  and  postings.  This  will  materially  improve  recruitments  and 
will  supplement  awareness  efforts  of  Ms  Marlene  McCarthy  of  the  RI  Breast  Cancer  Coalition, 
who  is  on  the  study  as  Patient  Advocate.  The  first  email  “blast”  and  newsletter  listing  will  occur 
during  the  month  of  June,  2011,  and  we  look  forward  to  many  contacts  from  this. 

During  this  period,  the  PI  presented  on  this  protocol  to  the  Hematology-Oncology  group  at  the 
Boston  Medical  Center.  The  PI  gave  a  seminar  in  Providence  at  Women  and  Infants  Hospital 
(WIH)  to  the  breast  cancer  group.  Two  patients  (#2  and  #3)  can  to  us  as  a  result  of  this.  A 
further  seminar  is  planned  for  June  15  at  Lahey  Clinic  (Burlington  MA)  and  June  17  at  Rhode 
Island  Hospital  (Providence).  The  Pi’s  abstract  was  selected  for  oral  presentation  at  the  2011  Era 
of  Hope  meeting  in  August  in  Orlando.  The  PI  has  contacted  Drs  Winer  and  Englehart  of  the 
Dana  Farber  Breast  Cancer  section  to  offer  a  presentation  to  their  group. 

Despite  early  delays  for  technology  improvements,  the  patient  recruitments  are  now  underway 
from  which  we  expect  to  catch  up  quickly  with  our  patient  recruitment  and  treatment  goals. 
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D.  Pharmacokinetics  by  PCR 


Assays  are  already  in  place  to  follow  DTC  by  flow  cytometry,  but  this  method  is  limited  to 
detection  when  1%  or  more  of  circulating  cells.  We  have  developed  a  PCR  based  approach  that 
can  detect  at  a  0.01%  level.  Because  of  homologies  with  endogenous  elements  in  the  human 
genome,  we  have  had  to  adjust  the  primers  to  more  selective  domains.  We  learned  there  is 
interference  of  the  assay  from  heparin  in  the  cell  collection  tubes,  and  have  now  switched  to 
sodium  citrate  as  anti-clotting  agent.  During  this  period,  we  developed  a  new  set  of  primers  that 
now  avoid  interference  from  endogenous  elements,  and  citrated  samples  have  proven  effective  to 
work  with.  This  improvement  will  be  applied  to  the  breast  cancer  patient  samples. 

E.  Administrative  Note 

During  the  first  year,  we  were  engaged  with  the  HSRRB  for  harmonization  of  the  protocol 
between  the  hospital  and  the  Army.  We  also  treated  patients  on  the  Phase  la  under  separate 
funding  that  preceded  the  Phase  lb  of  this  study.  During  this  second  year,  the  Phase  la  had  its 
final  patient  treated,  the  Phase  lb  was  initiated,  and  optimization  studies  perfonned  based  on 
patient  dose  experience.  These  are  now  optimized.  During  this  period,  we  have  been  careful  to 
conserve  resources  for  the  clinical  trial  so  that  the  treatment  goals,  though  delayed,  will  not  be 
hampered  in  their  accomplishment.  This  carry-over  in  direct  costs  are  $248,000  and  $214,000 
for  years  1  and  2  that  will  be  applied  to  the  patient  treatments. 

*Aim  2.  Test  ancillary  procedures  for  improved  persistence  and  activity  of  infused  cells 

In  the  application,  we  proposed  that  IL2  + 

IL15  would  lead  to  a  major  improvement  in 
the  expansion  of  the  dTc  for  patient  use.  Our 
preliminary  data  are  shown  here. 

This  is  reminiscent  of  the  high  dose  IL2 
expansion  seen  above.  B  ecause  both  IL2R 
and  IL15R  share  the  same  beta-gamma 
chain,  differing  only  in  the  alpha  chains,  it  is 
possible  that  complete  engagement  of  beta- 
gamma  by  either  cytokine  is  sufficient  for  the 
expansion.  To  test  this  hypothesis,  we  have 
initiated  a  collaboration  with  Dr  Thomas 
Waldmann  of  the  NCI/NIH.  H  e  is  the 
world’s  expert  in  IL15,  and  he  has  supplied 
us  with  IL15  to  conduct  experiments  to  test 
this  hypothesis.  These  will  be  outlined  in  the 
next  quarterly  report. 


Figure  4.  Activated  T  cell  expansion  in  cytokines.  See  text. 
(A  Lo  &  RPJ,  unpubl.  results) 
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Aim  3.  Devise  and  preclinically  test  next  (3rd)  generation  product 
*Aim  3.1.  Create  and  test  additional  co-stimulatory  configurations  for  CIR 

Costimulation  plays  an  essential  role  in  the  survival  and  expansion  of  T  cells  after  antigen 
encounter.  Our  second  generation  product  of  the  Phase  lb  study  is  complemented  with  CD28 
costimulation. 

We  proposed  a  plan  to  perform  high  through-put  testing  of  second  co-stimulatory  molecules  in 
the  format  of  Ig-CD28-X-zeta,  in  which  Ig  represents  the  MN14  antibody  recognition  domain, 
and  X  is  the  second  co-stimulatory  molecule.  (CD28  is  the  first.)  Constructs  have  been  prepared 
for  all  of  the  following  co-stimulatory  molecules.  These  include  X  =  HVEM,  4- IBB,  ICOS, 
0X40,  and  CD27.  This  work  was  performed  by  Dr  Bais. 

MN14-X 

MN14-z(tm)-X 

MN14-28-X-Z 

MN14-X-Z 

We  previously  reported  early  data  on  the  HVEM  constructs.  Controls  are  MN14-zeta  (1st 
generation)  and  MN14-CD28-zeta  (2nd  generation).  These  both  express  well  in  PG13  cells,  our 
vector  producer  cell  line.  With  HVEM,  we  characterized  the  following. 

MN14-HVEM 
MN14-z(tm)-HVEM 
MN14-28-HVEM-Z 
MN14-HVEM-Z 

Of  these,  the  MN14-HVEM  expressed  the  best, 
followed  by  MN14-z(tm)-HVEM  (using  the  zeta 
TM  domain),  then  MN14-28-HVEM-Z,  and  non¬ 
expressing  MN14-HVEM-Z.  The  desired 
configuration  with  3  signals  in  the  single  construct 
was  thus  shown  to  be  problematic  for  expression. 

The  origin  of  this  problem  is  not  obvious,  but  it 
suggests  that  this  construct  cannot  be  effectively 
tested  in  our  T  cells. 

As  an  alternative,  we  are  co-expressing  MN14-28-Z  and  MN14-HVEM  in  the  same  vector, 
separated  by  a  2  A  sequence  for  two-gene  expression.  This  applies  a  novel  procedure  devised  in 
this  laboratory  to  suppress  homologous  recombination  between  the  repeated  MN14  sequences 
that  leave  one  gene  rather  than  two.  Dr  Bais  undertook  a  mutagenesis  procedure  that  wobbles 
the  bases  for  every  amino  acid  possible  in  one  of  the  repeated  elements. 

We  have  now  prepared  a  large  number  of  constructs.  These  are  shown  in  the  following  table, 
with  more  to  follow.  In  particular,  we  are  interested  in  further  attempts  with  the  CD2  construct 
which  had  problems  with  expression  in  the  Aim  3.2  studies  reported  previously.  These  details 
will  be  discussed  in  the  next  quarterly  report. 


MN14-hvem  constructs  PG13  packaging  cells 


MN14-z(tm)hvem 


MN14-28hvemz 


MN14-hvemz 


Tmirsiluced  P<»13  crib 
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1. 

IgTCR-z 

2. 

IgTCR-28z 

3. 

IgTCR-hvem 

4. 

IgTCR-hvemz 

5. 

IgTCR-28hvemz 

6. 

IgT  CR-z(tm)hvem 

7. 

IgTCR-41BB 

8. 

IgTCR-OX40 

9. 

IgTCR-ICOS 

10. 

IgTCR-CD27 

Functional  tests  were  stalled  by  mycoplasma  contamination  of  one  of  the  parental  cell  lines  for 
making  VPCs.  During  this  reporting  period,  new  VPCs  were  prepared.  There  were  still 
difficulties  with  transduction.  Since  the  last  report,  we  obtained  again  new  parental  helper  lines 
to  re-examine  this  matter,  and  VPCs  re-prepared.  The  titers  are  improved. 

Finally,  an  important  feature  of  this  section  is  the  successful  recruitment  to  the  lab  of  Dr  Agnes 
Lo,  a  researcher  who  formerly  trained  with  the  PI,  who  filled  a  vacancy  from  a  departing  staff 
member.  Dr  Lo  is  outstanding  with  the  biologic  tests  of  these  agents,  which  are  not  trivial  to 
accomplish.  She  will  work  with  Dr  Bais  to  complete  these  critical  biologic  studies  for  the 
benefits  of  costimulation.  She  began  with  the  group  in  May,  20 1 1 ,  a  nd  I  expect  a  marked 
increase  in  the  results  from  this  section.  Her  resume  is  attached  in  the  appendix. 

Aim  3.2.  Create  and  test  products  to  avoid  need  for  IL2  supplementation 
There  are  three  parts  to  this  Aim: 

3.2. 1)  to  examine  Signal  3  (LFA1  and  CD2)  for  their  capability  to  yield  sustained  IL2  on  re¬ 
stimulation  with  antigen, 

3.2.2)  to  express  IL2  constitutively  from  a  promoter  within  the  transferred  transgene,  and 

3.2.3)  to  express  anti-apoptotic  genes  the  make  cells  resistant  to  IL2  withdrawal. 

We  have  made  progress  on  subaim  #4.1,  and  are  finalizing  a  manuscript  for  publication.  We 
previously  had  shown  that  IL2  secretion  with  Signal  1+2  was  abundant,  but  that  IL2  release  was 
lost  on  successive  antigen  restimulations  [1].  We  recently  published  that  IL2  was  essential  for  in 
vivo  responses  with  2nd  generation  designer  T  cells  in  animal  models,  despite  the  high  IL2 
secretion  on  antigen  contact  [2].  Our  hope  had  been  that  Signal  3  would  overcome  the  block  to 
IL2  secretion  on  restimulations  to  help  the  T  cells  replicate  in  vivo  without  exogenous  IL2 
stimulation.  [NB:  the  co-stimulatory  molecules  of  Aim  3  are  all  considered  Signal  2,  although  in 
tandem  with  zeta  and  CD28  will  provide  three  signals.  We  reference  CD2  and  LFA1  as  Signal  3 
being  qualitatively  different,  based  on  data  of  Sprent  and  Schlom.  See  grant  proposal  for 
references.] 
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In  our  experiments,  we  stimulated  resting  and  activated  T  cells  with  Signal  1  or  Signal  1+2  and 
assessed  the  impact  of  adding  Signal  3  on  IL2  and  gamma  interferon  secretion.  Whether  with 
antibody  stimulation  or  3ld  generation  CIR  signaling,  we  found  improved  IL2  production  with  3 
signals,  but  it  was  found  still  not  to  be  self-sustaining.  Thus,  the  hypothesis  of  sufficiency  for 
IL2  production  with  three  signals  was  falsified.  This  shifts  the  hope  for  avoiding  systemic  IL2 
costs  and  toxicities  to  the  subsequent  subaims. 

We  had  good  expression  and  function  of  the  LFA1  constructs,  but,  as  stated  above,  we  had 
problems  to  express  a  CD2  based  construct.  We  will  look  at  this  in  the  context  of  the  costimu¬ 
lation  experiments  above.  Our  tests  showed  that  the  IL2  secretion  signal  was  primarily  from  the 
LFA1  beta  chain,  and  not  the  alpha  chain.  These  data  were  previously  unknown,  and  speak  to 
the  outside-in  signaling  of  the  LFA1  that  is  primarily  thought  of  as  an  adhesion  molecule. 

We  have  done  nothing  further  with  the  subaims  3.2.2  and  3.2.3  that  address  constitutive  secretion 
of  IL2  and  anti-apoptosis  genes.  These  will  follow.  Crucially,  however,  we  have  added  a  further 
subaim  to  get  at  the  question  of  IL2  secretion. 

Aim  3.2.4.  The  signaling  features  of  IL2  secretion  shutdown. 

The  failure  of  3  signals  that  were  thought  the  best  chance  for  IL2  sustained  secretion  now  begs 
the  question  to  understand  the  mechanisms  of  this  shutdown.  IL2  is  first  abundant,  then  rapidly 
decline  with  restimulation  of  the  T  cells.  This  suggests  an  active  repression  mechanism,  either 
via  phosphorylation  or  dephosphorylation  of  intermediates  in  the  signaling  cascade,  or  chromatin 
remodeling  or  transcription  factor  alterations.  Although  the  pathways  to  activating  IL2  produc¬ 
tion  are  well  studied,  the  shutdown  of  IL2  production  has  not  been  examined.  Once  this  is 
understood,  there  may  be  ways  to  regulate  it  so  that  IL2  continues  for  as  long  as  the  T  cells 
encounter  antigen.  Both  signal  transduction  and  transcription  analysis  will  be  perfonned. 

To  pursue  this  goal,  we  have  recruited  yet  another  member  to  the  team,  Dr  Patrycja  Dubielecki, 
an  outstanding  signal  transduction  expert  with  experience  in  T  cells  and  leukemias.  She  will  be 
starting  in  July,  2011.  Her  resume  is  attached  in  the  Appendix.  We  have  also  arranged  to 
collaborate  with  Dr  Chozha  Rathinam,  a  new  junior  faculty  recruit  at  this  institution  in  the 
Department  of  Medicine  whose  expertise  in  transcription  analysis  will  be  invaluable.  His  resume 
is  attached  in  the  Appendix. 

KEY  RESEARCH  ACCOMPLISHMENTS 

1 .  Development  of  procedures  for  improved  gene  modification 

a.  Use  of  retronectin  to  improve  virus  transduction 

b.  New  vector  supernatants  with  higher  viral  titer 

2.  Development  of  procedures  for  improved  expansions  (>10A6  fold) 

a.  High  dose  IL2 

b.  Switch  to  heat-inactivated  serum 
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3.  Established  collaboration  with  Dr  Waldman  and  obtained  IL15for  Aim  2  studies 

4.  Coordination  with  Dr  Susan  Love  of  the  Anny  of  Women  foundation  for  patient 
recruitments. 

a.  Registration,  submission  of  protocol  and  grant  materials 

b.  Review  by  Love/ Avon  Anny  of  Women  Scientific  Advisory  Committee 

c.  Approval  notification  6/9/2011 

d.  E-blast  to  membership  will  follow 

e.  This  will  complement  efforts  of  Ms  Marlene  McCarthy  of  the  RI  Breast  Cancer 
Coalition. 

5.  Clinical 

a.  Phase  la,  completed  with  three  subjects  at  the  10A 10  dose  level 

b.  Phase  lb:  three  enrolled 

c.  One  treated  (inevaluable  for  IL2),  one  dropped  out,  one  awaiting  dose  production 
and  treatment 

d.  Recruitment  mechanisms  installed  to  ramp  up  patient  enrollments,  including 
successful  listing  with  Love/ Avon  Anny  of  Women. 

6.  Retroviral  vector  constructs  prepared  for  multiple  costimulatory  molecules  in  3-signal 
single  gene  format. 

7.  Recruitment  of  Dr  Lo  to  assist  in  completing  evaluation  of  these  constructs 

8.  Falsification  of  hypothesis  of  Signal  3  allowing  sustained  IL2  secretion  on  restimulation. 

9.  Recruitment  of  Dr  Dubielecki  to  investigate  mechanisms  of  shutdown  of  IL2  production, 
and  establishment  of  collaboration  with  Dr  Rathinam. 

REPORTABLE  OUTCOMES 

Publications: 

1 :  Amos  SM,  Duong  CP,  Westwood  JA,  Ritchie  DS,  Junghans  RP,  Darcy  PK,  Kershaw  MH. 
Autoimmunity  associated  with  immunotherapy  of  cancer.  Blood.  2011  Apr  29.  [Epub 
ahead  of  print]  PubMed  PMID:  21531979. 

2:  Junghans  RP.  Is  it  safer  CARs  that  we  need,  or  safer  rules  of  the  road?  Mol 
Ther.  2010  Oct;  18(10):  1742-3.  PubMed  PMID:  20885432;  PubMed  Central  PMCID: 
PMC2951568. 

3:  Ma  Q,  Wang  Y,  Lo  AS,  Gomes  EM,  Junghans  RP.  Cell  density  plays  a  critical  role 
in  ex  vivo  expansion  of  T  cells  for  adoptive  immunotherapy.  J  Biomed  Biotechnol. 
2010;2010:386545.  Epub  2010  Jun  30.  PubMed  PMID:  20625484;  PubMed  Central  PMCID: 
PMC2896674. 

4:  Junghans  RP.  Strategy  escalation:  an  emerging  paradigm  for  safe  clinical 
development  of  T  cell  gene  therapies.  J  Transl  Med.  2010  Jun  10;8:55.  PubMed 
PMID:  20537174;  PubMed  Central  PMCID:  PMC2904270. 
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CONCLUSION 


Progress  is  being  made  on  the  Aims  of  the  proposal.  The  Phase  lb  study  initiated  during  the 
recent  year  and  is  set  to  accelerate  recruitments.  Resources  have  been  conserved  to  conduct 
these  patient  tests.  The  laboratory  research  continues  to  develop  new  agents  with  a  plan  to 
understand  IL2  needs  of  dTc. 
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APPENDICES 


I.  Prometheus  (Novartis)  Designation  of  new  quantities  of  Proleukin  (IL2)  to  support 

high  IL2  expansions.  (Verbal  agreement  made.  Written  agreement  to  be  signed 
shortly;  final  draft  attached.) 

II.  Resumes 

A.  New  Staff 
Agnes  Lo,  PhD 
Patrycja  Dubielecki,  PhD 

B.  Collaborator 
Chozha  Rathinam,  PhD 

III.  Publications 

1:  Amos  SM,  Duong  CP,  Westwood  JA,  Ritchie  DS,  Junghans  RP,  Darcy  PK,  Kershaw  MH. 

Autoimmunity  associated  with  immunotherapy  of  cancer.  Blood.  2011  Apr  29.  [Epub 
ahead  of  print]  PubMed  PMID:  21531979. 

2:  Junghans  RP.  Is  it  safer  CARs  that  we  need,  or  safer  rules  of  the  road?  Molecular 
Therapy.  2010  Oct;18(10):1742-3.  PubMed  PMID:  20885432;  PubMed  Central  PMCID: 
PMC2951568. 

3:  Ma  Q,  Wang  Y,  Lo  AS,  Gomes  EM,  Junghans  RP.  Cell  density  plays  a  critical  role 
in  ex  vivo  expansion  of  T  cells  for  adoptive  immunotherapy.  J  Biomed  Biotechnol. 
2010;2010:386545.  Epub  2010  Jun  30.  PubMed  PMID:  20625484;  PubMed  Central  PMCID: 
PMC2896674. 

4:  Junghans  RP.  Strategy  escalation:  an  emerging  paradigm  for  safe  clinical 
development  of  T  cell  gene  therapies.  J  Transl  Med.  2010  Jun  10;8:55.  PubMed 
PMID:  20537174;  PubMed  Central  PMCID:  PMC2904270. 
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PROMETHEUS  LABORATORIES  INC. 


Amended  and  Restated  Grant  Agreement  -  Material  Transfer 


June _ ,  20 1 1 

Richard  P.  Junghans,  Ph.D.,  M.D. 

Chief,  Division  of  Surgical  Research 
Associate  Professor  of  Surgery  and  Medicine 
Director,  Biotherapeutics  Development  Lab 
Roger  Williams  Medical  Center 
825  Chalkstone  Avenue 
Providence,  Rhode  Island  02908 

Dear  Dr.  Junghans, 

Roger  Williams  Medical  Center  and  Prometheus  Laboratories  Inc.  (“Prometheus”)  entered  into  a  grant 
agreement  on  March  2,  20 1 1  (the  “Original  Agreement”)  and  now  desire  to  amend  and  restate  the  Original 
Agreement  to  address  certain  changes  to  terms  of  the  Original  Agreement. 

The  Investigator  Initiated  Trial  Review  and  Approval  Committee  (“1TTRAC”)  of  Prometheus  reviewed 
the  Study  synopsis  of  each  of  your  proposed  Study  “Phase  la/Ib  Trial  of  2nd  Generation  Anti-CEA 
Designer  T  Cells  in  Metastatic  Breast  Cancer-  Prometheus  Protocol  #IIT10PLK16”  on  Exhibit  A 
hereto  (“the  Study”),  and  determined  that  they  each  have  scientific  and  medical  merit.  The  1TTRAC  of 
Prometheus  is  pleased  to  offer  you  (the  “Recipient”  or  “you”)  a  research  grant  in-kind  (the  Grant”)  in  the 
form  of  a  supply  of  Proleukin  (aldesleukin)  for  use  in  the  Study  in  the  quantity  and  form  as  more  fully 
described  on  Exhibit  B  hereto  (the  “Study  Materials”). 


Our  agreement  to  provide  Study  Materials  is  conditioned  on  the  following: 

1 .  All  necessary  regulatory  approvals  and  Institutional  Review  Board  (“1RB”)  approvals  for  the 
Study  shall  be  obtained  by  Recipient,  and  Recipient  will  conduct  the  Study  in  accordance  with  all 
applicable  laws,  rules  and  regulations  (including  any  applicable  FDA  and  ICH  guidelines),  the  Protocol 
and  any  applicable  1RB  requirements.  Recipient  will  have  obtained  proper  informed  consent  from  each 
participant  in  the  Study.  Recipient  will  notify  Prometheus  promptly  of  any  action  by  the  Recipient’s  1RB 
altering  its  review  or  approval  of  the  Study. 

2.  Recipient  will  notify  Prometheus  of,  and  provide  Prometheus  with  a  reasonable 
opportunity  to  review  and  comment  upon,  any  proposed  changes  to  the  Protocol.  Recipient  shall  also 
notify  the  1RB  and  all  applicable  regulatory  bodies  of  any  such  change.  However,  Recipient  shall  have 
the  full  and  final  discretion  over  changes  to  the  Protocol  and  Recipient  will  notify  Prometheus  when  any 
changes  have  been  finalized. 

3.  Recipient  will  provide  Prometheus  with  copies  of  all  reports  submitted  to  FDA,  and  other 
government  agencies,  or  an  1RB  that  are  related  to  the  Study,  as  well  as  any  correspondence  with  such 
entities  related  to  the  Study. 


4.  Recipient  will  provide  Prometheus  with  copies  of  unpublished  manuscripts,  including  abstracts, 
as  well  as  a  summary  of  any  presentation  relating  to  the  Study  at  least  30  days  in  advance  of  submission 
to  a  journal  or  publication  (for  a  manuscript  or  abstract)  and  7  days  in  advance  of  any  scientific  meeting 
(for  a  presentation).  At  the  request  of  Prometheus,  Recipient  will  remove  any  Prometheus  Confidential 
Information.  No  editorial  rights  or  control  over  such  publication  or  presentation  by  Prometheus  is 
implied  herein. 

5.  Recipient  shall  keep  Prometheus  informed  of  the  status  of  the  Study  including,  without  limitation, 
Recipient  shall  a)  meet  with  Prometheus,  at  times  mutually  agreed  to  by  the  parties  to  advise  as  to  the 
status  of  the  Study,  and  b)  provide  Prometheus,  on  a  confidential  basis,  periodic  reports  on  the  status  of 
the  Study  until  the  Study  is  completed,  and  with  a  final  report  within  90  days  after  Study  completion. 

6.  Recipient  shall  permit  Prometheus  to  conduct  audits  from  time  to  time  to  verify  compliance  with 
the  terms  of  this  grant  agreement.  Any  such  audit  shall  be  conducted  by  or  on  behalf  of  Prometheus  at 
reasonable  times  as  agreed  to  by  the  parties  and  with  reasonable  prior  written  notice.  Recipient  shall 
assist  Prometheus  in  good  faith  and  shall  provide  Prometheus  with  all  such  information  necessary  for 
Prometheus  to  confirm  compliance  with  the  terms  of  this  research  grant  agreement. 

7.  Records  relating  to  the  Study  will  be  retained  for  at  least  two  years  after  the  completion  or  earlier 
termination  of  the  Study.  Source  documents,  such  as  patient  charts,  will  be  retained  for  not  less  than  five 
years. 


8.  The  Recipient  will  use  the  Study  Materials  solely  for  the  conduct  of  the  Study. 

9.  The  Recipient  will  not  distribute  the  Study  Materials  to  any  third  party. 

10.  The  Recipient  shall  return  any  unused  supplies  of  Study  Materials  to  Prometheus  at  the 
completion  or  earlier  termination  of  the  Study. 

1 1 .  PROMETHEUS  MAKES  NO  REPRESENTATIONS  AND  EXTENDS  NO  WARRANTIES  OF 
ANY  KIND,  EITHER  EXPRESSED  OR  IMPLIED  WITH  RESPECT  TO  THE  STUDY  MATERIAL 
INCLUDING  WITHOUT  LIMITATION,  WARRANTIES  OF  MERCHANTABILITY  OR  FITNESS 
FOR  A  PARTICULAR  PURPOSE,  OR  THAT  THE  USE  OF  THE  MATERIAL  WILL  NOT  INFRINGE 
ANY  PATENT,  COPYRIGHT,  TRADEMARK,  OR  OTHER  PROPRIETARY  RIGHTS. 

12.  The  Recipient  shall  acquire  no  intellectual  or  other  proprietary  rights  of  any  kind  with  respect  to 
the  Study  Materials  or  other  products  or  materials  provided  by  Prometheus.  Recipient  will  notify 
Prometheus  immediately  upon  filing  a  patent  application  on  any  invention  made  while  using  the  Study 
Materials  furnished  to  Recipient  under  this  Agreement.  Nothing  herein  shall  be  construed  as  granting  any 
assignment  or  license  under  any  patent,  trademark,  trade  secret  or  copyright  of  Prometheus. 

13.  You  will  maintain  in  confidence,  and  only  use  for  the  Study,  any  confidential  or  proprietary 
information  we  provide  or  disclose  to  you  in  connection  with  the  Study. 

14.  Unless  prohibited  by  law,  Recipient  agrees  to  hold  harmless  and  indemnify  Prometheus  against 
any  claims  or  lawsuits  for  damages  that  arise  out  of  the  Study.  Prometheus  agrees  to  notify  you  promptly 
of  any  such  claim  and  to  assist  you  and  your  representatives  in  the  investigation  and  defense  of  any 
lawsuit  and/or  claim  for  which  indemnification  is  provided  hereunder.  You  shall  not  settle  any  claim  for 
Prometheus  without  Prometheus’  prior  written  consent,  which  shall  not  be  unreasonably  withheld. 


15.  The  Grant  will  only  be  used  for  the  Study  and  any  funds  that  are  not  used  for  the  Study  will  be 
refunded  to  Prometheus  upon  completion  or  earlier  termination  of  the  Study.  If  the  Study  is  not 
conducted  in  accordance  with  the  Protocol,  you  will  return  the  Grant  to  Prometheus  promptly  upon 
Prometheus  request. 

16.  Prior  to  receiving  any  payment  under  this  grant  agreement,  the  Recipient  shall  provide 
Prometheus  with  a  sufficiently  detailed  invoice  for  each  requested  payment. 

17.  The  Grant  imposes  no  obligation,  express  or  implied,  for  you  to  purchase,  prescribe,  provide 
favorable  formulary  status  for,  or  otherwise  support  Prometheus  products. 

The  foregoing  represents  the  entire  grant  agreement  between  us  regarding  the  Study,  and  there  are  no 
further  commitments,  obligations  or  understandings  of  any  nature  regarding  the  Study.  This  grant 
agreement  will  be  effective  on  the  date  of  the  last  signature  below,  and  will  expire,  unless  earlier 
terminated  in  accordance  with  terms  hereof,  upon  the  completion  of  the  Study  and  our  payment  of  all 
amounts  required  hereunder.  Prometheus  shall  have  the  right  to  terminate  this  grant  agreement  at  anytime 
during  the  grant  agreement  with  written  notice  to  Recipient.  The  provisions  of  Sections  7,  8,9,  10  and  13 
shall  survive  the  expiration  or  earlier  termination  of  this  grant  agreement.  This  grant  agreement  may  be 
amended  with  the  mutual  written  consent  of  the  parties. 

If  the  above  terms  are  acceptable  to  you,  please  sign  both  copies  of  this  letter  agreement  in  the  space 
provided  below  and  return  one  original  to  my  attention. 

Sincerely, 

PROMETHEUS  LABORATORIES  INC. 

By:  _ 

Name: 

Title: 


Accepted  and  agreed  to:  Acknowledged  and  agreed  to  by: 

By:  Karen  Geremia,  Director  Research  Department _ 


Title: 

Date: 


Name  Richard  P.  Junghans,  Ph.D.,  M.D. 


Exhibit  A 


See  Attached  Protocols: 

“Phase  Ia/Ib  Trial  of  2nd  Generation  Anti-CEA  Designer  T  Cells  in  Metastatic  Breast  Cancer- 

Prometheus  Protocol  #IIT10PLK16” 


Exhibit  B 


Number  of  patients  to  treat  for  the  entire  study:  1 2 

Number  of  patients  already  enrolled  treated:  2  (Non  evaluable) 

Number  of  patients  yet  to  treat  under  March  1 5,  201 0  protocol:  1 2 

Phase  lb  -  IL-2 

Per  pt:  7  vials  for  manufacturing  x  6  pts  =  42  vials 
Phase  lb  +  IL-2 

Per  pt:  7  vials  for  manufacturing  x  6  pts  =  42  vials,  and  12  vials  for  each  pt  receiving  IL2 
x  6  pts=  72  vials 

156  vials  for  Phase  lb 

40  vials  overage  if  any  patients  do  not  complete  treatment  and  have  to  be  replaced. 

196  vials  to  complete  the  study 
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Agnes  Shuk  Yee  Lo 

Education  and  Fellowship 

King’s  College,  London,  United  Kindgom  of  Great  Britain  and  Northern  Ireland _ 

Ph.D.  in  Immunology  Dec  2002 

Dissertation:  Harnessing  the  Immunosuppressive  Tumour-Derived  Cytokine,  Macrophage  Colony- 
Stimulating  Factor  (M-CSF),  to  Costimulate  T  Lymphocyte  Growth  and  Activation”  (co-Advisors: 
Professor  Mike  Kemeny  and  Dr.  John  Maher) 

Awarded  JRC  Research  Fellowship  (1999  -  2002)  and  King’s  College  Hong  Kong  Association  Ph.D. 
Studentship  (1998  -  2000) 

The  Chinese  University  of  Hong  Kong,  Hong  Kong 

M.Phil.  in  Biochemistry  (in  Molecular  Biology)  Jun  1995 

The  Chinese  University  of  Hong  Kong,  Hong  Kong 

B.Sc.  in  Biochemistry  Aug  1995 


Research  Experience 

Beth  Israel  Deaconess  Hospital,  Human  Monoclonal  Antibody  Lab,  USA  Oct  2008  -  Sep  2009 

Research  fellow,  Department  of  Hematology-Oncology 
Supervisor:  Drs.  Marshall  Posner  and  Lisa  Cavacini 

Project:  Development  of  anti-Dsg3  IgG  (1  and  4  subclasses)  and  scFv  for  pemphigus  of  oral  cavity  and  its 
application  for  the  head  and  neck  immunotherapy. 

*  Amplified  the  variable  domains  of  antibodies  from  hybridomas  by  RT-PCT  to  construct  lull 
human  IgGl  and  lgG4  subclass  antibodies.  The  DNA  clones  of  these  antibodies  were  expressed 
in  CHO-K  cells.  The  best  expression  clone  was  isolated  by  limited  dilution.  Antibody  supernatant 
was  purified  using  sepharose  protein  G  column. 

*  Constructed  scFv  antibodies  for  expression  in  CHO-K  cells. 

*  Studied  pharmacokinetic  of  antibodies  in  the  nude  mice,  immunoreactivity  by  live  cell  ELISA 
and  toxicity  using  MTT  assays 

*  Established  xenograft  model  using  matrigel  to  enhance  the  tumor  growth  in  nude  mice 

*  Linking  scFv  antibody  with  anti-HPV  siRNA  for  targeting  head  and  neck  cancer  (Ongoing) 


Dana-Farber  Cancer  Institute,  Harvard  Medical  School,  USA  Oct  2004  -  Sep  2008 

Research  fellow,  Department  of  Cancer  Immunology  and  AIDS, 

Supervisor:  Dr.  Wayne  Marasco 

Targeting  immuno therapy  for  renal  cell  carcinoma  (RCC)  tumor  antigen  G250  using  anti-G250  scFv-Fc 
fusion  protein  and  lentivirus  transduced  T  cells. 

*  Isolated  16  unique  human  anti-G250  human  scFv  antibodies  from  phage  display  antibody  library 
by  paramagnetic  proteoliposome  or  immuno-tube  panning.  C  onstructed  anti-G250  scFv-Fc 
fusion  protein  in  mammalian  pcDNA  vector.  Production  and  purification  of  antibodies  from 
mammalian  293FT  and  CHO  cell  lines. 

*  Characterized  binding  affinity  and  binding  kinetics  of  anti-G250-Fc  fusion  proteins  by  FACS  and 
Biacore,  respectively.  Epitope  mapped  the  functional  domain  by  ELISA.  Measured  tumor  killing 
activity  by  ADCC. 
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*  Generated  gene  construct  of  anti-G250  T  cells  in  lentivirus  vector.  Optimized  lentivirus 
transduction  of  human  T  cells  using  DEAE-dextran  and  high  MOI  virus  titer. 

*  Established  luciferase  transfected  RCC  tumor  model  in  nude  mice  by  passaging  cell  line. 

Development  of  novel  dendritic  cell  vaccine  that  harnesses  the  G250-Fc’s  capability  to  elicit  both  CTL 
and  Th  responses  by  taking  advantage  of  effector  Fc  portion  of  antibody. 

*  Constructed  G250-Fc  with  2A  self  processing  peptide  to  facilitate  equal  expression  of  the  two 
genes  separated  by  2A  peptide  in  vitro  and  exponential  expression  of  two  genes  in  vivo. 

*  Co-expressed  GM-CSF  or  IL-2  with  G250-Fc  with  the  aid  of  lentivirus  vector. 

*  Measured  GM-CSF  and  IL-2’s  biofunctional  activity  by  ELISA  and  effects  on  cell  proliferation 
using  FT- land  CTLL-2  cell  lines  separately. 

Participating  the  FI1V  project:  Cloned  the  anti-CCR5  antibodies  into  the  human  full  IgG  vector  for  their 
expression  and  performed  neutralization  assay  using  pseudovirus  system 

Beth  Israel  Deaconess  Hospital,  Harvard  Institute  of  Medicine,  USA  Mar  2003  -  Sep  2004 

Postdoctoral  fellow,  Department  of  Hematology-Oncology 
Supervisor:  Dr.  Richard  P.  Junghans 

Project:  Investigation  of  T  cell  adoptive  immunotherapy  using  scFv-TCRz,  scFv-TCRz/CD28  or  scFv- 
TCRz/Bcl-XL  for  CEA-expressing  human  colorectal  carcinoma  and  for  ganglioside  GD3  -expressing 
human  melanoma  in  nude  mouse  model  system. 

*  Constructed  anti-CEA  and  anti-GD3  designer  T  cells,  which  possess  specific  antibody  affinity 
and  T  cell  cytotoxicity  potency  for  targeting  therapy. 

*  Made  retroviral  constructs  for  various  cancer  models. 

*  Transduced  human  primary  T  cells  using  retrovirus  supernatant  and  protamine/spinoculation. 

*  Studied  mechanism  of  T  cells  killing  of  tumor  in  vitro  by  5 1  chromium  release  assay,  clonal 
expansion,  antigen  activated  induced  IL-2  secretion  and  visualization  of  the  physical  contact 
between  T  cells  and  tumor  cells  using  confocal  microscopy. 

*  Studied  the  effectiveness  of  designed  T  cells  for  tumor  therapy  in  rodent  model  by  caliper. 

King’s  College,  London,  United  Kingdom  Oct  1998  -  Dec  2002 

Ph.D.  student, Department  of  Immunology 

Project  1:  Assessment  of  the  immunosuppressive  effects  of  M-CSF  on  human  differentiated  dendritic 
cells. 

*  Isolated  human  monocytes  for  DC  differentiation  by  depleting  T  cells,  B  cells  and  NK  cells. 

*  Analyzed  immunophenotype  of  M-CSF  differentiated  DC  by  FACS  analysis,  mixed  lymphocyte 
reaction,  3H-thymine  incoiporation,  and  endocytosis  assay. 

*  Characterized  M-CSF  derived  DC  cell  death  by  apoptosis  assays,  caspase  activation  method,  and 
mitochondrial  potential  detection.  I  nvestigated  signaling  pathway  of  non-Fas  mediated  cell 
death. 

Project  11:  Testing  of  strategies  to  confer  M-CSF  responsiveness  upon  T  lymphocytes. 

*  Constructed  chimeric  CD28/M-CSF  receptors  using  retrovirus  vector  and  their  expression  on  T 
cell  line  or  primary  T  cells  via  retroviral  transduction. 

*  Established  in-vivo  EG7  tumor  model  that  concomitantly  express  M-CSF  (in  secreted  form)  and 
OVA  (providing  signal  1).  Examined  the  strength  of  signal  2  conferred  by  M-CSFR  transduced 
T  cells. 

The  Prince  of  Wales  Hospital,  Hong  Kong  Oct  1995  -  Apr  1998 

Research  Technician,  Department  of  Surgery 
Supervisor:  Dr.  Sin  Ming  Ip 
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*  Compared  changes  in  metabolic  parameters  following  traditional  (open)  surgery  and  endoscopic 
surgery  by  monitoring  hormone,  cytokines,  CRP,  and  endotoxin  levels.  C  oncentration  of 
endotoxin  was  determined  by  Limulus  lysate  assay. 

*  Identified  p53  oncogene  mutations  in  esophageal  and  gastric  cancer  by  SSCP  and  direct 
sequencing. 

*  Evaluated  chemotherapy  in  cancer  patients  by  monitoring  expression  of  cancer  drug  resistance 
genes,  such  as  MDR1  and  MRP,  by  quantitative  RT-PCR. 

*  Compared  gene  expression  in  esophageal  and  gastric  cancer  by  differential  display  method. 

*  Mapped  mutant  genes  of  esophageal  and  gastric  cancer  by  cytogenetic  and  FISH  methods. 

*  Quantified  release  of  mitomycin-C  during  chemotherapy  for  gastric  cancer  using  HPLC. 

*  Isolated  and  characterized  Kupffer  cells  obtained  via  bile  duct  surgery. 

The  Chinese  University  of  Hong  Kong,  Hong  Kong  Sep  1993  -  Jun  1995 

M.Phil.  Student,  Department  of  Biochemistry 
Supervisor:  Dr.  Mary  Waye 

Project:  Human  heart  cDNA  library  sequencing  for  the  Human  Genome  Project 

*  Sequenced,  verified,  and  submitted  500  human  heart  cDNA  clones  to  the  GenBank  for  the  human 
genome  project. 

*  Isolated,  sequenced,  (Southern  and  Northern)  blotted,  and  radiation  hydrid  mapped  the  hcMDH 
gene. 

*  Raised  rabbit  polyclonal  serum  to  hcMDH  to  measure  expression  level  of  hcMDH  in  various 
organs  and  in  cardiomyopathy  patients  by  Western  blot  and  in  situ  hybridization 


PUBLICATIONS 


1.  Ma  Q,  Wang  Y,  Lo  AS,  Gomes  EM,  Junghans  RP.  (2010)  Cell  density  plays  a  critical  role  in  ex  vivo 

expansion  of  T  cells  for  adoptive  immunotherapy.  J Biomed Biotechnol,  2010:  386545. 

2.  Lo  AS,  Ma  Q,  Liu  DL,  Junghans  RP.  (2010)  Anti-GD3  chimeric  sFv-CD28/T-cell  receptor  zeta  designer  T 

cells  for  treatment  of  metastatic  melanoma  and  other  neuroectodermal  tumors.  Clinical  Cancer  Research, 
16:  2769-2780. 

3.  Xu  C,  Lo  A,  Yammanuru  A,  Tallarico  AS,  Brady  K,  Murakami  A,  Barteneva  N,  Zhu  Q,  Marasco  WA. 

(2010)  Unique  biological  properties  of  catalytic  domain  directed  human  anti-CAIX  antibodies  discovered 
through  phage-display  technology.  PLoS  One,  5,  e9625 

4.  Emtage  PC,  Lo  AS,  Gomes  EM,  Liu  DL,  Gonzalo-Daganzo  RM,  Junghans  RP.  (2008)  Second- 

generation  anti-carcinoembryonic  antigen  designer  T  cells  resist  activation-induced  cell  death, 
proliferate  on  tumor  contact,  secrete  cytokines  and  exhibit  superior  antitumor  activity  in  vivo:  a 
preclinical  evaluation.  Clinical  Cancer  Research,  14:  8112-8122. 

5.  Lo  AS,  Zhu  Q,  Marasco  WA.  (2008)  Intracellular  antibodies  (intrabodies)  and  their  therapeutic 

potential.  Handbook  of  Experimental  Pharmacology’,  181:  343-373.  (Review  Paper) 

6.  Lo  AS,  Taylor  JR,  Farzaneh  F,  Kemeny  DM,  Dibb  NJ,  Maher  J.  (2008)  Harnessing  the  tumor-derived 

cytokine,  CSF-1,  to  co-stimulate  T-cell  growth  and  activation.  Molecular  Immunology,  45:  1276- 
1287. 
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7.  Lo  AS,  Gorak-Stolinska  P,  Bachy  V,  Ibrahim  MA,  Kemeny  DM,  Maher  J.  (2007)  Modulation  of 

dendritic  cell  differentiation  by  colony-stimulating  factor-1:  role  of  phospatidylinositol  3’-kinase  and 
delayed  caspase  activation  .Journal  of  Leukocyte  Biology’,  82,  1446-1454. 

8.  Lo  AS,  Liew  CT,  Ngai  SM,  Tsui  SK,  Fung  KP,  Lee  CY,  Waye  MM.  (2005)  Developmental  regulation 

and  cellular  distribution  of  human  cytosolic  malate  dehydrogenase  (MDH1).  Journal  of  Cellular 
Biochemistry,  94:  763-773. 

9.  Lo  AS,  Liew  CT,  Law  PT,  Garcia-Barcelo  M,  Tsui  SK,  Fung  KP,  Lee  CY,  Waye  MM.  (1999) 

Radiation  hybrid  mapping  of  human  cytosolic  malate  dehydrogenase  (hcMDH)  to  the  short  arm  of 
chromosome  2.  Somatic  Cell  &  Molecular  Genetics,  25:  109-113. 

10.  Lau  JY,  Lo  SY,  Ng  EK,  Lee  DW,  Lam  YH,  Chung  SC.  (1998)  A  randomized  comparison  of  acute 
phase  response  and  endotoxemia  in  patients  with  perforated  peptic  ulcers  receiving  laparoscopic  or 
open  patch  repair.  American  Journal  of  Surgery,  175:  325-327. 


11.  Waye  MMY.,  Cheung  HKY.,  Lam  WY,  Law  PTW,  Lo  ASY,  Lui  VWY,  Luk  SCW,  Tsui  SKW,  Tung 
CKC,  Yam  NYH,  Liew  CC  and  Lee  CY.  (1995)  Gene  expression  of  adult  human  heart  as  revealed  by 
random  sequencing  of  cDNA  library,  in  Miami  Winter  BioTechnology  Symposium  proceedings. 
Advances  in  Gene  Technology >:  Protein  engineering  and  structural  biology >.  Cambridge  University 
press.  6:  90. 


Manuscripts  in  preparation 

1.  Lo  AS,  Mao  X,  Posner  M,  Payne  A,  Cavacini  LA.  Pathogenicity  of  class  switched  human  anti-desmoglein  3 

IgGl  and  lgG4  antibodies  in  pemphigus  vulgaris.  In  preparation. 

2.  Lo  AS,  Xu  C,  Marasco  WA.  Engineering  Anti-G250  Antibodies  and  Lentivirus  Transduced  T  cells  for 

Treatment  of  Renal  Cell  Carcinoma.  In  preparation. 

3.  Kopcow  H,  Cerdira  S,  Lo  AS,  Karumanchi  A.  Angiogenesis  induced  by  human  NK  cells  under 

hypoxia  cancer  and  tumor  microenvironment.  In  preparation. 


PATENT  PENDING 

1.  The  Brigham  and  Woman’s  Hospital,  Inc.  Corporate  Sponsored  Research  and  Licensing  (“CSRL) 
“Antibody  Engineering  of  Mouse  Anti-Human  CCR4  Antibody  1567”  Investigator  Names:  Jianhua  Sui, 
Wayne  Marasco,  Asli  Muvaffak,  Agnes  Lo,  Thomas  Kupper,  Mei  Bai 


2.  Dana-Farber  Cancer  Institute.  Office  of  General  Counsel.  Patent:  PCT/EP2005/013102,  DFC1#1084.02 
’’Carbonic  Anhydrase  IX  (G250)  Antibodies  and  Methods  of  Use  Thereof’  Investigator  Names:  Agnes 
Lo,  Wayne  Marasco,  Chen  Xu 


CO-REVIEWER  OF  SCIENTIFIC  PAPERS 

Co-reviewed  the  following  original  research  papers  with  Dr.  Wayne  Marasco,  Dana-Farber  Cancer  Institute. 
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(1)  Nature  Biotechology.  2005  May;  23(5):  584-90.  Stable  antibody  expression  at  therapeutic  levels  using  the 
2A  peptide,  (2)  Protein  Eng  Des  Sel.  2006  Oct;  19(10):  453-60.  Bifunctional  antibody-Renilla  luciferase 
fusion  protein  for  in  vivo  optical  detection  of  tumors,  and  (3)  J  Cell  Mol  Med  2007  Jan-Feb;  1 1(1):  54-70. 
Blocking  translocation  of  cell  surface  molecules  from  the  ER  to  the  cell  surface  by  intracellular  antibodies 
targeted  to  the  ER. 

References: 

Letters  of  recommendation  are  available  upon  request. 
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PM  Dubielecka-Szczerba  -  Curriculum  Vitae  - 


CURRICULUM  VITAE 

PATRYCJA  DUBIELECKA-SZCZERBA,  PhD 

Assistant  Member 
New  York  Blood  Center 
Lindsley  F.  Kimball  Research  Institute 
Cell  Signaling  Laboratory 
31 OE  67th  Street,  New  York,  NY,  10065 
Phone:  212-570-3240,  Fax:  212-570-3355 
patrycia.dubielecka@qmail.com 


EDUCATION 

Postdoctoral  Fellowship,  2005-2009,  Lindsley  F.  Kimball  Research  Institute,  New  York  Blood  Center, 
New  York,  USA 

Ph.D.  2005  (Graduated  with  honors)  University  of  Wroclaw,  Faculty  of  Biotechnology  and  Division  of 
Hematology,  Medical  University  of  Wroclaw,  Wroclaw,  Poland  (jointly). 

M.Sc.  2001  (GPA  3.8)  University  of  Wroclaw,  Faculty  of  Biotechnology,  Poland 

B.S.  1999  University  of  Wroclaw,  Faculty  of  Biotechnology,  Poland 

POSITIONS  AND  EMPLOYMENT 

2009  -  present,  Assistant  Member,  Lindsley  F.  Kimball  Research  Institute,  New  York  Blood  Center, 
New  York,  USA 

2007-2009,  Senior  Postdoctoral  Fellow,  New  York  Blood  Center,  New  York 
2005-2007,  Postdoctoral  Fellow,  New  York  Blood  Center,  New  York 

ADDITIONAL  TRAINING 

Jan-Feb  2010,  Department  of  Microbiology  and  Immunology  and  Center  for  Live-Cell  Imaging, 
University  of  Michigan  Medical  School,  Ann  Arbor,  USA 

Aug-Oct  2008,  Helmholtz  Center  for  Infectious  Research,  Signaling  and  Motility  Group  and 
Cytoskeleton  Dynamics  Group,  Braunschweig,  Germany 

May-Jun  2005,  Socrates/Erasmus  Scholarship  of  EU,  Charles  University  in  Prague,  Faculty  of 
Medicine  in  Hradec  Kralove,  Department  of  Medical  Biology  and  Genetics,  Hradec  Kralove,  Czech 
Republic 

Dec  2000  -  May  2001,  Socrates/Erasmus  Scholarship  of  EU,  Helsinki  Biophysics  &  Biomembrane 
Group,  Department  of  Medical  Chemistry,  Institute  of  Biomedicine,  University  of  Helsinki,  Helsinki, 
Finland 

OTHER  EXPERIENCE  AND  PROFESSIONAL  MEMBERSHIPS 

Dec  2009  -  American  Society  for  Cell  Biology 


May  2008  -  American  Association  for  Cancer  Research 
Apr  2008  -  Society  for  Experimental  Biology  and  Medicine 
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Jan  2010  -  reviewer  for  the  Journal  of  Pediatric  Biochemistry 
March  201 1  -  reviewer  for  the  Bioorganic  &  Medicinal  Chemistry  Letters 

HONORS  AND  FELLOWSHIPS 

2007  Rector’s  Team  Scientific  Achievement  Award  for  period  of  2002-2006-  University  of  Wroclaw, 
Poland 

The  Socrates/Erasmus  Program  of  the  European  Union,  two  scholarships  in  2001  (  University  of 
Helsinki,  Finland)  and  2005  (Charles  University,  Czech  Republic) 

Polish  Ministry  of  Education  grant  (3P04C09725)  supporting  PhD.  project  “Spectrin  in  early  apoptosis 
in  lymphoid  and  lymphoblastic  cells’  (2003-2005) 

PATENTS 

U.S.  Provisional  Patent  Application  No.  61/357,475,  Regulation  of  macropinocytosis  by  p85-Abi1 

P.382191  ‘Fast  Chemotherapy  Efficiency  Test  with  Spectrin  Involvement’  processing  by  the  Polish 
National  Patent  Office 

P.382192  ‘Fast  Chemotherapy  Efficiency  Test  with  Protein  Kinase  C  Involvement’  processing  by  the 
Polish  National  Patent  Office 

PENDING  GRANT  APPLICATIONS 

1 .  PA08-165]  -  STEM  CELLS  AND  CANCER  (R21 )  -  ‘Role  of  Abi  1  in  survival  and  quiescence 
of  Bcr-Abl  positive  leukemic  stem  cells’  1R21CA1 64735-01,  PI  Patrycja  Dubielecka-Szczerba 

PUBLISHED  ARTICLES 

1.  Dubielecka  PM,  Ladwein  Kl,  Xiong  X,  Migeotte  I,  Chorzalska  A,  Anderson  K,  Sawicki  J,  Rottner  K,  Stradal  T 
and  Kotula  L.  Essential  role  for  Abil  in  embryonic  survival  and  WAVE2  complex  integrity.  Proc  Natl  Acad  Sci  U 
S  A.  201 1  Apr  1 1 .  [Epub  ahead  of  print], 

2.  Dubielecka  PM,  Hwynn  N,  Sengun  C,  Lee  S,  Lomas-Francis  C,  Singer  C,  Fernandez  H  and  Walker 
RH.  Two  McLeod  patients  with  novel  mutations  in  XK.  Accepted  to  Journal  of  the  Neurological 
Sciences  (in  press,  #JNS-D-1 0-01 187). 

3.  Dubielecka  PM,  Machida  K,  Xiong  X,  Hossain  S,  Ogiue-lkeda  M,  Carrera  AC,  Mayer  BJ,  Kotula  L. 
Abi1/Hssh3bp1  pY213  links  Abl  kinase  signaling  to  p85  regulatory  subunit  of  PI-3  kinase  in  regulation 
of  macropinocytosis  in  LNCaP  cells.  FEBS  Lett.  2010  Aug  4;584(15):3279-3286. 

4.  Dubielecka  PM,  Cui  P,  Xiong  X,  Hossain  S,  Heck  S,  Angelov  L,  Kotula  L.  Differential  regulation  of 
macropinocytosis  by  abi1/hssh3bp1  isoforms.  PLoS  One.  2010  May  10;5(5):e10430. 

5.  Dubielecka  PM,  Grzybek  M,  Kolondra  A,  Jazwiec  B,  Draga  A,  Aleksandrowicz  P,  Kolodziejczyk  M, 
Dolinska-Krajewska  B,  Warchol  J,  Kuliczkowski  K  and  Sikorski  AF.  Aggregation  of  spectrin  and  PKC0 
is  an  early  hallmark  of  fludarabine/mitoxantrpoe/dexamethasone-induced  apoptosis  in  Jurkat  T  and 
HL60  cells.  Mol  Cell  Biochem.  2010  Jun;339(1-2):63-77. 
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6.  Bok  E,  Plazuk  E,  Hryniewicz-Jankowska  A,  Chorzalska  A,  Szmaj  A,  Dubielecka  PM,  Stebelska  K, 
Diakowski  W,  Lisowski  M,  Langner  M,  Sikorski  AF.  Lipid-binding  role  of  betall-spectrin  ankyrin-binding 
domain.  Cell  Biol  Int.  2007  Dec;31(12):1482-94. 

7.  Dubielecka  PM,  Trusz  A  Diakowski  W,  Grzybek  M,  Chorzalska  A,  Jazwiec  B,  Lisowski  M,  Jezierski 
A,  Sikorski  AF.  Mitoxantrone  changes  spectrin-aminophospholipid  interactions.  Mol  Membr  Biol,  2006; 
23(3):  1-9. 

8.  Stebelska  K,  Dubielecka  PM,  Sikorski  AF.  The  effect  of  PS  content  on  the  ability  of  natural 
membranes  to  fuse  with  positively  charged  liposomes  and  lipoplexes.  J  Membr  Biol.  2005; 
206(3):203-14. 

9.  Dubielecka  PM,  Jazwiec  B,  Potoczek  S,  Wrobel  T,  Miloszewska  J,  Haus  O,  Kuliczkowski  K, 
Sikorski  AF.  Changes  in  spectrin  organisation  in  leukaemic  and  lymphoid  cells  upon  chemotherapy. 
Biochem  Pharmacol.  2005;  69(1):73-85. 

10.  Grzybek  M,  Kozubek  A,  Dubielecka  PM.  Sikorski  AF.  Rafts  -  the  Current  Picture.  Folia  Histochem 
Cytobiol.  2005;  43(1  ):3-10. 

11.  Hryniewicz-Jankowska  A,  Bok  E,  Dubielecka  PM,  Chorzalska  A,  Diakowski  W,  Jezierski  A, 
Lisowski  M,  Sikorski  AF.  Mapping  of  an  ankyrin-sensitive,  phosphatidylethanolamine/ 
phosphatidylcholine  mono-  and  bi-layer  binding  site  in  erythroid  beta-spectrin.  Biochem  J.  2004; 
382(2):677-85. 

12.  Dubielecka  PM,  Stebelska  K,  Jazwiec  B,  Sikorski  AF.  Cystocyte  and  lymphocyte  derived 
fusomes/spectrosomes:  analogies  and  differences:  a  mini-review.  Cell  Mol  Biol  Lett.  2003;  8(1  ):221  -9. 

13.  Zhao  H,  Dubielecka  PM,  Soderlund  T,  Kinnunen  PK.  Interactions  of  adriamycin,  cytochrome  c, 
and  serum  albumin  with  lipid  monolayers  containing  polyethylene  glycol)-ceramide.  Biophys  J.  2002; 
83(2):954-67. 

14.  Dubielecka  P,  Potoczek  S,  Jazwiec  B,  Miloszewska  J,  Kuliczkowski  K,  Sikorski  AF.  The  Effect  Of 
Chemotherapy  With  Fludarabine/Mitoxantrone/Dexamethasone  On  The  Distribution  Of  Spectrin  In 
Lymphocytes  Of  Non-Hodgkin  Lymphoma  Patients.  Cell  Mol  Biol  Lett.  2001;6(2):200. 

15.  Dubielecka  PM,  Crespo  A,  Hossein  S,  Angelov  L  and  Kotula  L.  Abi  1  associates  with  Rho  effector 
rhotekin  at  the  tips  of  lamellipodia  (submitted  to  JBC). 

16.  Xiong  X,  White  J,  Chorzalska  A,  Dubielecka  PM,  Hedvat  CH,  Koutcher  J,  Brown  A,  Sawicki  J  and 
Kotula  L.  Disruption  of  Abi1/Hssh3bp1  expression  induces  prostatic  epithelial  neoplasia  in  conditional 
Abi1/Hssh3bp1  knockout  mice  (submitted  to  Oncogene). 

INVITED  TALKS 

Max-Planck  Institute  of  Molecular  Cell  Biology  and  Genetics  Symposium,  30  May  -  1  June  201, 
Konigstein  (Saxon  Switzerland),  Germany,  ‘Abil  in  Bcr-Abl  signaling’. 

Helmholtz  Center  for  Infectious  Research,  Braunschweig,  Germany,  2008,  ‘Differential  regulation  of 
macropinocytosis  by  Abi1/Hssh3bp1  isoforms’. 
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Charles  University  in  Prague,  Faculty  of  Medicine  in  Hradec  Kralove,  Department  of  Medical  Biology 
and  Genetics,  Hradec  Kralove,  Czech  Republic,  2005,  ‘Changes  in  spectrin  organization  in  leukemic 
and  lymphoid  cells  upon  chemotherapy’. 

Emerging  Pathways  in  Cytoskeletal  Communication  Conference,  Umea,  Sweden,  2004,  The  Effect  of 
Chemotherapy  with  Fludarabine/Mitoxantrone/Dexamethasone  on  the  Distribution  of  Spectrin  in 
Lymphocytes  of  Non-Hodgkin  Lymphoma  Patients’. 

COURSES  TAUGHT 

Lectures  and  courses  for  undergraduate  students: 

Cell  Biology,  specific  courses:  Apoptosis.  Series  of  lectures  during  academic  years  2001-2005  - 
University  of  Wroclaw,  Faculty  of  Biotechnology,  Wroclaw,  Poland 

Cell  Biology,  specific  courses:  Practical  course  in  immunochemistry.  Course  taught  during  academic 
years  2001-2005  -  University  of  Wroclaw,  Faculty  of  Biotechnology,  Wroclaw,  Poland 

MENTORSHIP 

Mentorship  for  undergraduate  students  during  Summer  Internship  Program  at  the  New  York 
Blood  Center;  years  2007-2011,  (*asterisk  indicate  mentored  undergraduate  student): 

1.  Abayomi  Are,  high  school  student  associated  with  Harlem  Children  Society,  New  York,  NY;  project 
title:  ‘Characteristics  of  focal  adhesions  in  MEF  cells  lacking  Abelson  interactor  protein  1  g  ene’. 
Project  was  awarded  presentation  at  2010  Sigma  Xi  Scientific  Research  Society  Meeting  in  Raleigh, 
NC. 

2.  Alex  Crespo,  undergraduate  student,  Lafayette  College,  Easton,  PA;  project:  Abil  associates  with 
Rho  effector  rhotekin  at  the  tips  of  lamellipodia.  Dubielecka  PM,  Crespo  A*,  Hossein  S,  Angelov  L  and 
Kotula  L.  (submitted  to  JBC). 

3.  Dan  Yi  Zhao,  high  school  student,  associated  with  Harlem  Children  Society,  New  York,  NY;  project 
title:  ‘Cell  motility  of  MEF  cells  lacking  Abelson  interactor  protein  1  gene.’ 

4.  Morkous  Hanna,  high  school  student,  associated  with  Harlem  Children  Society,  New  York,  NY; 
project  title:  ‘Cell  motility  of  MEF  cells  lacking  Abelson  interactor  protein  1  gene.’ 

Mentorship  for  undergraduate  students  during  academic  years  2001-2005,  (*asterisk  indicate 
mentored  undergraduate  student): 

1.  Dubielecka  PM,  Trusz  A*.  Diakowski  W,  Grzybek  M,  Chorzalska  A,  Jazwiec  B,  Lisowski  M, 
Jezierski  A,  Sikorski  AF.  Mitoxantrone  changes  spectrin-aminophospholipid  interactions.  Mol  Membr 
Biol.  2006  May-Jun;23(3):235-43. 

2.  Dubielecka  PM,  Grzybek  M,  Kolondra  A,  Jazwiec  B,  Drag  a  A*,  Aleksandrowicz  P,  Kotodziejczyk  M, 
Serwotka  A,  Dolinska-Krajewska  B,  Warchot  J,  Kuliczkowski  K,  Sikorski  AF.  Aggregation  of  spectrin 
and  PKC  theta  is  an  early  hallmark  of  fludarabine/mitoxantrone/dexamethasone-induced  apoptosis  in 
JurkatT  and  HL60  cells.  Mol  Cell  Biochem.  2010  Jun;339(1-2):63-77. 

Hosted  meetings: 

Series  of  Meetings  for  postdoctoral  trainees  at  the  New  York  Blood  Center:  Happy  Fridays,  monthly 
meetings;  starting  date  Aug  2009  -  to  present. 
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PLACE  OF  BIRTH 

Jelenia  Gora,  Poland  (Citizenship:  PL,  Immigration  status:  US  Permanent  Resident) 
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Chozha  Vendan  Rathinam  Ph.D. 


Curriculum  Vitae 


Curriculum  Vitae 


Chozha  Vendan  Rathinam 


Date  of  Birth: 


Nationality:  Indian 


Gender:  Male 


Education 

Since  May  2006-Postdoctoral  Associate  (Stem  Cell  Biology) 

Yale  Stem  Cell  Centre, 

Yale  School  of  Medicine,  New  Haven,  U.S.A. 

December  2004- April  2006,  Scientist  (Hematopoiesis) 

Hannover  Medical  School,  Germany 

Jan-2001-November  2004  Ph.D.,  (Hematopoiesis) 

Hannover  medical  school,  Germany 

1995-2000,  Master  of  Science  (Life  Sciences) 

Bharathidasan  University,  Trichy,  India 


Chozha  Vendan  Rathinam  Ph.D. 


Curriculum  Vitae 


Distinctions  &  Awards 

Has  always  scored  distinction  grades  in  all  the  exams  (During  primary,  secondary  and 
university  education) 

Best  Ph.D  thesis  work’  award  (2007) 

Awarded  by  University  of  Tubingen,  Germany 

ASH  Travel  Award  (2005) 

Awarded  by  American  Society  of  Hematology,  USA 

Best  paper  presentation  Award  (2000) 

Awarded  by  Electronics  And  Instrumentation  Engineering  Association,  Trichy,  India 


Merit  Scholarships 

Fellowship  from  the  Bill  and  Melinda  Gates  foundation,  USA  (2007-till  date) 

Fellowship  from  the  American  Diabetes  Association,  USA  (2006-2007) 

Scholarship  from  the  Varta  Foundation,  Germany  (2003-2004) 

Fellowship  from  the  Land  of  Lowersaxony,  Germany  (2003) 

Scholarship  of  the  pro-rector  of  Hannover  Medicine  school,  Germany  (2002-2003) 
Scholarship  of  the  pro-rector  of  Hannover  Medicine  school,  Germany  (2001-2002) 
University  of  Cambridge  scholarship.  The  United  Kingdom  (2001) 

International  postgraduate  research  scholarship  from  the  government  of  Australia  (2001) 
University  of  Adelaide  scholarship,  Australia  (2001) 


Teaching  Experience 

April  -  December  2000:  Lecturer  :  Taught  molecular  biology  and  Immunology  courses  for 
students  (class  of  40  students)  enrolled  in  the  Master  of  Science  programme  during  academic 
year  2000-2001  at  Bharathidasan  University,  Trichy,  India. 
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Mentorship  Experience 


2004-2005  -Mirija  Bherens  -  MD  thesis  work,  Hannover  medical  school,  Germany 
2004-2006  -  Daniel  Kotlarz  -  MD  thesis  work,  Hannover  medical  school,  Germany 

2004- 2007  -  Mark  Melhom  -  M.Sc  thesis  work,  Hannover  medical  school,  Germany 

2005- 2006  -  Giri  Appaswamy  -  PhD  thesis  work,  Hannover  medical  school,  Germany 
2007-2008  -  Nico  Lachmann  -  M.Sc  thesis  work,  Yale  school  of  medicine,  USA 
2009-2010  -  Christoph  Schunemann  -  MD  thesis  work,  Yale  school  of  medicine,  USA 


Oral  Presentations 

1.  Rathinam  C.  A  new  role  for  an  old  cytokine:  M-CSF  regulates  functions  of  human 
hemetopoietic  stem  cells,  YCEMH  mini  symposium.  New  Haven,  CT,  July  23  ,  2010 

2.  Rathinam  C.  c-Cbl-Cancers  friend  and  foe  ?  Yale  Stem  Cell  Centre,  New  haven,  USA, 
June  10th,  2009 

3.  Rathinam  C.  Gfil-  A  master  regulator  of  hematopoiesis.  Institute  of  molecular  pathology, 
Vienna,  Austria,  August  10th,  2006 

4.  Rathinam  C.  “Transcriptional  repressor  Gfil  integrates  cytokine-receptor  signals 
controlling  B-cell  differentiation”  47th  annual  meeting  of  the  American  Society  of 
Hematology,  Atlanta,  Georgia,  USA,  December  10-13,  2005 

5.  Rathinam  C.  “Transcriptional  profiling  reveals  Gfil  as  a  critical  factor  for  STAT3- 
dependent  dendritic  cell  development  and  -function”  Wilsede,  Germany,  9th  June,  2005 

6.  Rathinam  C.  “Transcriptional  repressor  Gfil  controls  STAT3  dependent  dendritic  cell 
development  and  function”  Hannover  Medical  School,  Germany,  April  21st,  2005 

7.  Rathinam  C.  “Gfil-  A  master  regulator  of  dendropoiesis”  Hannover  Medical  School, 
Germany,  March  10th,  2005 

8.  Rathinam  C.  “Towards  the  elucidation  of  transcription  factor  controlled  development  of 
dendritic  cells”  Wilsede,  Germany,  June  25th,  2003 

9.  Rathinam  C.  “Development  of  dendritic  cells  from  hematopoietic  progenitor  cells” 
Hannover  Medical  School,  Germany,  December  5th,  2001 

10.  Rathinam  C.  “Biosensors-  A  Sensational  Boon  for  the  21st  Century”  Tanjavur,  National 
Seminar  on  Instrumentation  and  Engineering,  Brainwave,  India,  August  23  ,  1999 

11.  Rathinam  C.  “Development  of  Molecular  Diagnostics  Assays  for  Genetic  Disorders” 

National  Biotechnology  congress,  Biotechcellence  ,  Chennai,  India,  September  2nd,  1998 _ 
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12.  Rathinam  C. “Effect  of  Oil  Degrading  Plasmids  of  Pseudomonas  Sps  on  the  Industrial 
Effluents”  National  Conference  on  Environmental  Biotechnology,  India,  Jan  3ld,  1997 


Poster  Presentations 

1.  45th  Annual  meeting,  American  society  of  hematology,  6-9.12.2003,  San  Diego,  USA 

2.  9th  Congress  of  the  European  Hematology  Association,  Amsterdam,  The  Netherlands 

3.  8th  International  symposium  on  dendritic  cells,  17-21.10.2004,  Brugge,  Belgium 

4.  46th  Annual  meeting,  American  society  of  haematology,  4-7.12.2005,  San  Diego,  USA 


Abstracts  submitted 

1.  Rathinam  C  and  Klein  C.  Transcriptional  repressor  Gfil  integrates  cytokine-receptor 
signals  controlling  B-cell  differentiation.  Blood  Supp  (2005) 

2.  Rathinam  C,  Geffers  R,  Yiicel  R,  Buer  J,  Welte  K,  Mordy  T,  Klein  C.  The  transcriptional 
factor  Gfil  controls  dendritic  cell  development  and  -function.  Blood  Supp  (2004) 

3.  Rathinam  C,  Rudolph  C,  Schlegelberger  B,  Klein  C.  Generation  and  characterisation  of  a 
novel  multipotential  progenitor  cell  line  with  DC  -differentiation  potential  using  notch- 1  gene 
transfer.  Blood  Supp  (2003) 

4.  Rathinam  C,  Buer  J,  Klein  C.  Towards  the  elucidation  of  transcription  factor  controlled 
development  of  dendritic  cells.  Klin  Padiatr  (2003) 


Patents 

1.  Rathinam  C  and  Flavell  RA.  A  novel  method  to  expand  hematopoietic  stem  cells  by 
inhibiting  the  expression  and  function  of  E3  ubiquitin  ligases.  (Status-Filed) 

2.  Rathinam  C  and  Flavell  RA.  Use  of  M-CSF  to  treat  human  hematopoietic  stem  cell 
disorders  (Status-to  be  filed) 
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Research  publications 

1.  Rathinam  C,  Majetic  L  and  Flavell  R.  The  HECT  domain  E3  ligase  Itch  negatively 
controls  haematopoietic  stem  cell  maintenance  and  functions  (Revision  in  Nature 
Immunology) 

2.  Rathinam  C*.  Thien  C*,  Flavell  R  and  Langdon  W.  Myeloid  leukemia  development 
in  c-Cbl  RING  finger  mutant  mice  is  dependent  on  FLT3  signaling.  Cancer  Cell  (-in 
Press  ;  Scheduled  for  the  October  (2010)  issue)  *  Equal  contribution 

3.  Rathinam  C  and  Flavell  R.  c-Cbl  deficiency  leads  to  diminished  lymphocyte 
development  and  functions.  Proc  Natl  Acad  Sci  USA  107,  8316-21  (2010) 

4.  Legrand  N,  Ploss  A,  Balling  R,  Becker  PD,  Borsotti  C,  Brezillon  N,  Debarry  J,  de 
Jong  Y,  Deng  H,  Di  Santo  JP,  Eisenbarth  S,  Eynon  E,  Flavell  RA,  Guzman  CA, 
Huntington  ND,  Kremsdorf  D,  Manns  MP,  Manz  MG,  Mention  JJ,  Ott  M,  Rathinam 
C,  Rice  CM,  Rongvaux  A,  Stevens  S,  Spits  H,  Strick-Marchand  H,  Takizawa  H,  van 
Lent  AU,  Wang  C,  Weijer  K,  Willinger  T,  Ziegler  P.  Humanized  mice  for  modeling 
human  infectious  disease:  challenges,  progress,  and  outlook.  Cell  Host  Microbe  6,  5-9 
(2009) 

5.  Rathinam  C*.  Kriegel  M*  and  Flavell  R.  E3  Ubiquitin  Ligase  GRAIL  Controls 
Primary  T  Cell  Activation  and  Oral  Tolerance.  Proc  Natl  Acad  Sci  USA  106,  16770-5 
(2009)  *  Equal  contribution 

6.  Rathinam  C*.  Schwermann  J*,  Schubert  M*,  Schumacher  S,  Noyan  F,  Koseki  H, 
Kotlyarov  A,  Klein  C,  Gaestel  M.  MAPKAP  Kinase  MK2  maintains  self-renewal 
capacity  of  hematopoietic  stem  cells.  The  EMBO  Journal  28,  1392-406  (2009) 

*  Equal  contribution 

7.  Rathinam  C,  Lassmann  H,  Mengel  M,  Klein  C.  Transcription  factor  Gfil  restricts  B 
cell  mediated  autoimmunity.  The  Journal  of  Immunology  181,  6222-6229  (2008) 

8.  Rathinam  C,  Flavell  R.  The  hematopoiesis  paradigm:  clarity  or  ambiguity?  Blood 
112,3534-5  (2008) 

9.  Rathinam  C,  Thien  C,  Langdon  W,  Gu  H,  Flavell  R.  The  E3  ubiquitin  ligase  c-Cbl 
restricts  development  and  functions  of  hematopoietic  stem  cells.  Genes  & 
Development  22,  992-997  (2008). 

Highlighted  on  the  Cover  page  with  a  Perspective  (Written  by  Yokomizo  T, 
Dzierzak  E) 

10.  Templin  C,  Kotlarz  D,  Rathinam  C,  Rudolph  C,  Schatzlein  S,  Ramireddy  K, 
Rudolph  KL,  Schlegelberger  B,  Klein  C,  Drexler  H.  Establishment  of  immortalized 
multipotent  hematopoietic  progenitor  cell  lines  by  retroviral-mediated  gene  transfer  of 
beta-catenin.  Experimental  Hematology  36,  204-15  (2008) 
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Abstract 

In  this  age  of  promise  of  new  therapies  for  cancer,  immunotherapy  is  emerging  as  an  exciting 
treatment  option  for  patients.  Vaccines  and  cytokines  are  being  tested  extensively  in  clinical 
trials  and  strategies  using  monoclonal  antibodies  and  cell  transfer  are  mediating  dramatic 
regression  of  tumors  in  patients  with  certain  malignancies.  However,  although  initially  advocated 
as  being  more  specific  for  cancer  and  having  fewer  side  effects  than  conventional  therapies,  it  is 
becoming  increasingly  clear  that  many  immunotherapies  can  lead  to  immune  reactions  against 
normal  tissues.  Immunotoxicities  resulting  from  treatment  can  range  from  relatively  minor 
conditions,  such  as  skin  depigmentation,  to  severe  toxicides  against  crucial  organ  systems,  such 
as  liver,  bowel  and  lung.  Treatment-related  toxicity  has  correlated  with  better  responses  in  some 
cases,  and  it  is  likely  that  serious  adverse  events  from  immune-mediated  reactions  will  increase 
in  frequency  and  severity  as  immunotherapeutic  approaches  become  more  effective.  This  review 
introduces  immunotherapeutic  approaches  to  cancer  treatment,  provides  details  of  toxicides 
arising  from  therapy  and  discusses  future  potential  ways  to  avoid  or  circumvent  these  side 
effects. 
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Introduction 

Immunotherapy  holds  much  promise  for  the  treatment  of  cancer.  The  immune  system  is 
capable  of  dramatic  and  decisive  responses  against  infectious  disease,  which  is  accomplished 
with  exquisite  specificity  against  antigen.  Components  of  immunity  are  seen  as  potentially  more 
specific  weapons  to  direct  against  tumors  than  chemotherapy  or  radiation.  With  our  expanding 
knowledge  of  tumor-associated  antigens  (TAA),  there  are  many  different  approaches  being 
developed  to  direct  immunity  against  transformed  cells. 

Immunotherapies  may  involve  the  active  generation  of  immunity  to  TAA,  via  vaccination 
with  peptides  or  peptide-pulsed  dendritic  cells.1  In  addition,  administration  of  immune 
modulators  such  as  cytokines  can  boost  existing  anti-tumor  immunity  and  target  immune  effector 
cells  to  sites  of  tumor  growth."  Monoclonal  antibodies  harness  both  innate  and  adaptive  immune 

■j 

mechanisms  and  direct  them  against  tumor  cells.  Additionally,  the  effector  functions  of 
cytotoxic  T  lymphocytes  (CTL)  have  proven  them  to  be  particularly  useful  in  targeting  TAA  in 
adoptive  immunotherapeutic  protocols.4 

Some  TAA  are  tumor  specific,  whose  expression  is  entirely  limited  to  tumors,  examples 
of  which  include  viral  antigens  expressed  on  cells  in  which  viral  oncogenes  have  contributed  to 
cellular  transformation.  In  these  cases,  immunotherapy  can  be  employed  with  fine  specificity  and 
very  little  toxicity  against  normal  tissues.5  However,  most  TAA  are  expressed  by  some  cells  of 
normal  tissues  and  the  potential  exists  for  on-target  toxicity  against  these  tissues.  These  on-target 
toxicities  can  be  assigned  to  two  broad  categories.  Firstly,  they  can  comprise  “true” 
autoimmunity,  involving  a  fundamental  induction  of  endogenous  immunity  against  self  antigens, 
and  we  will  refer  to  this  type  as  “autoimmunity”.  Secondly,  they  can  be  more  “drug-like”  in 
nature,  where  damage  is  mediated  directly  by  the  immunomodulatory  agent,  and  these  toxicities 
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will  be  referred  to  as  “immune-mediated”.  Toxicities  have  been  described  in  a  proportion  of 
patients  using  a  range  of  immunotherapeutic  approaches.  As  immune-based  cancer  therapies 
become  more  potent,  it  is  likely  that  autoimmune  and  immune-mediated  toxicities  will  become 
more  severe.  Indeed,  these  toxicities  can  be  associated  with  better  anti-tumor  responses  resulting 
from  immunotherapy. 

In  this  review,  we  will  introduce  various  immunotherapeutic  approaches  and  provide 
details  of  toxicity  to  normal  tissues  resulting  from  these  approaches,  as  well  as  describe  potential 
ways  to  overcome  these  toxicities. 

Autoimmunity  associated  with  adoptive  immunotherapy 

Adoptive  immunotherapy  is  a  very  promising  approach  to  treating  cancer  that  involves 
the  isolation  of  leukocytes  and  their  activation  and  expansion  in  vitro  followed  by  infusion  into 
patients.  Advantages  of  this  type  of  approach  include  the  opportunity  to  manipulate  and  activate 
lymphocytes  away  from  the  in  vivo  immunosuppressive  environment,  and  their  expansion  to  vast 
numbers,  thereby  circumventing  many  regulatory  checkpoints  and  delivering  “instant” 
immunity.  Adoptive  immunotherapy  has  been  demonstrated  to  induce  regression  of  established 
tumors,  often  complete,  in  both  mouse  models  of  disease  and  in  patients.4  However,  apart  from 
EBV- associated  malignancies,  this  form  of  therapy  targets  antigens  expressed  on  some  normal 
tissues  besides  tumor  cells,  and  immune-mediated  toxicity  has  been  observed  in  the  treatment  of 
both  mice  and  humans  (Table  1,  Figure  1). 
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Tumor-infiltrating  lymphocytes  and  melanoma 

Tumor  inhibition  has  been  described  using  adoptive  immunotherapy  in  various  animal 
models  over  the  past  50  years,  but  antigen  specificity  and  its  expression  on  normal  tissue  was 
largely  undefined  in  earlier  models.  '  More  recently,  mouse  tumor  models  with  known  tumor 
antigens  also  expressed  on  self  tissues  have  become  available  and  effective  anti-tumor  responses 

Q 

following  adoptive  immunotherapy  have  been  observed.  However,  immune-mediated  toxicity 
has  been  observed  in  these  mouse  models  targeting  normal  tissues  including  skin,  eye,  colon  and 
the  B  cell  compartment  as  summarized  in  Table  1.  In  the  following  discussion,  we  will  focus  on 
these  toxicities  following  adoptive  immunotherapy  in  humans. 

One  of  the  most  promising  applications  of  adoptive  immunotherapy  in  the  clinic  involves 
the  use  of  tumor-infiltrating  lymphocytes  (TIL)  to  treat  melanoma.  Lymphocytes  derived  from 
tumors  can  be  expanded  to  yield  many  billions  of  cells  that  are  reactive  with  a  range  of 
melanoma  antigens  including  gplOO,  MART-1  and  tyrosinase. 

Following  demonstrations  that  prior  lymphodepletion  could  lead  to  enhanced  persistence 
and  activity  of  transferred  T  cells,  adoptive  immunotherapy  protocols  were  modified  to  include 
preconditioning  regimens  to  deplete  cells  of  the  hematopoietic  system.  Depletion  regimens 
ranged  from  non-myeloablative,  using  cyclophosphamide  and  fludarabine,  to  fully  ablative 
regimens  using  chemotherapy  and  whole  body  irradiation,  together  with  stem  cell  support. 
Objective  response  rates  of  adoptive  immunotherapy  reached  70%  with  these  modifications,  but 
immune-mediated  toxicities  were  also  observed,  with  reports  of  vitiligo  and  occasional  reports  of 
ocular  toxicity,  involving  responses  against  melanin-containing  cells  important  in  retina 
function.9 
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In  cases  where  endogenous  TIL  are  difficult  to  obtain,  tumor-specific  T  cells  can  be 
generated  from  peripheral  blood  lymphocytes  by  genetic  modification  with  genes  encoding 
specific  TCR  a  and  (3  chains.  In  a  2009  trial,  melanoma  patients  treated  with  gene-modified  T 
cells  reactive  with  melanoma/melanocyte  antigens,  experienced  destruction  of  normal 
melanocytes  in  the  skin  (27  of  36  patients),  as  well  as  responses  against  normal  cells  of  the  eye 
and  ear,  which  occurred  in  approximately  50%  of  20  patients  receiving  T  cells  modified  with  a 
highly  reactive  TCR.10  These  patients  were  administered  steroids  to  inhibit  T  cell  activity,  which 
led  to  resolution  of  both  uveitis  and  hearing  loss. 

Interestingly,  in  addition  to  the  above  on-target  immune  toxicides,  the  potential  for 
immune-mediated  off-target  toxicity  using  adoptive  transfer  of  TCR  gene-modified  T  cells  has 
been  demonstrated  in  mice.  In  a  study  using  mouse  T  cells  genetically  engineered  to  express 
TCR  alpha  and  beta  chains  specific  for  ovalbumin,  severe  toxicity  was  observed  including 
cachexia,  anemia,  pancreatitis  and  colitis.11  Reactivity  against  these  normal  tissues  was  thought 
to  be  due  to  mispairing  of  introduced  and  endogenous  TCR  chains  leading  to  T  cells  with  neo¬ 
specificities.  These  findings  were  also  extended  to  include  T  cells  modified  to  express  other 
TCRs  including  those  specific  for  gplOO,  SV40  large  T  antigen,  TRP-2  and  influenza  virus 
nucleoprotein,  although  the  incidence  of  lethal  toxicity  varied  depending  on  the  TCR.  The 

propensity  of  TCR  mispairing  to  induce  immune-mediated  toxicity  in  humans  has  yet  to  be 

12 

determined  fully  but  it  has  not  been  observed  to  date  in  clinical  trial. 

Genetically  redirected  T  cells  in  adoptive  immunotherapy 

By  far  the  greatest  application  of  adoptive  immunotherapy  has  been  in  the  melanoma 
setting  as  described  above.  This  is  largely  due  to  the  availability  of  specific  T  cells,  and 
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extension  to  other  common  cancers  is  restricted  by  a  lack  of  availability  of  endogenous  T  cells  of 
appropriate  specificity.  However,  T  cells  reactive  with  a  range  of  common  cancers  can  be 
generated  by  genetic  modification  of  peripheral  blood  lymphocytes  with  chimeric  antigen 
receptors  (CARs),  whose  specificity  is  derived  from  monoclonal  antibodies  specific  for  cell 
surface  TAA.  CAR-modified  T  cells  have  been  used  in  clinical  trials  for  a  range  of  cancers 
including  ovarian  cancer,  neuroblastoma,  colon  cancer  and  lymphoma.  The  use  of  CAR- 
modified  T  cells  is  in  its  infancy  and  only  limited  anti -tumor  effects  have  been  described  to  date. 
Nevertheless,  in  a  phase  I  study  for  renal  cell  carcinoma  (RCC)  targeting  the  TAA  carbonic 
anhydrase  IX,  adoptive  transfer  of  gene-modified  T  cells  led  to  grade  3-4  liver  toxicity  in  three 
of  seven  patients  treated.  Toxicity  was  thought  to  be  due  to  the  T  cells  targeting  the  CAIX 
antigen  also  present  on  bile  ducts.14  Toxicity  was  resolved  in  this  study  after  cessation  of 
adoptive  T  cell  transfer  or  administration  of  steroids. 

CAR-modified  T  cell  activity  against  normal  cells  was  also  observed  in  a  clinical  study 
targeting  CD19  for  the  treatment  of  follicular  lymphoma.15  The  CAR  was  composed  of  a  single¬ 
chain  anti-CD19  antibody  linked  to  CD28  and  the  zeta  chain  of  the  CD3-TCR  complex.  In  this 
study,  dramatic  regression  of  malignant  cells  was  observed,  but  a  prolonged  depletion  of  normal 
B  cells  was  also  observed  leading  to  greatly  decreased  levels  of  serum  immunoglobulin.  While 
low  levels  of  serum  antibody  is  concerning,  administration  of  exogenous  immunoglobulin  can 
correct  for  this  deficiency  thereby  providing  protection  against  infection.  In  another  study 
targeting  CD  19  with  CAR-modified  T  cells,  this  time  for  chronic  lymphocytic  leukemia, 
treatment  was  well  tolerated  in  3  patients  receiving  T  cell  transfer  in  the  absence  of  prior 
lymphodepletion,  with  only  transient  fevers  experienced.  However,  a  patient  receiving  T  cells 


following  lymphodepletion  developed  hypotension,  dyspnea  and  renal  failure  and  died  four  days 
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after  treatment.16  Death  in  this  case  was  not  thought  to  be  due  to  treatment  and  was  attributed  to 
sepsis  due  to  infection. 

More  recently,  adoptive  transfer  of  CAR-modified  T  cells,  specific  for  the  TAA  Her-2, 
led  to  death  of  a  patient  receiving  treatment  for  colon  cancer.  Toxicity  involved  respiratory 
distress  and  may  have  been  due  to  CAR-expressing  T  cell  activity  against  normal  Her-2- 
expressing  cells  of  the  lung.  Increased  levels  of  serum  cytokines  including  IFN-y,  GM-CSF,  IL-6 
and  TNF-a  were  observed,  together  with  hypotension,  brachycardia  and  gastrointestinal 
bleeding,  which  led  to  cardiac  arrest.  In  another  study  targeting  Her-2  no  toxicity  was 
observed,  although  comparisons  between  this  study  using  autologous  CTL  clones  and  the 
CAR-expressing  study  are  difficult  due  to  significant  differences  in  the  studies,  including  the  use 
of  lymphodepleting  conditioning  and  greater  numbers  of  T  cells  in  the  CAR  study.  Thus,  many 
different  organ  systems  can  become  targets  of  immune-mediated  damage  following  adoptive 
immunotherapy,  a  recent  example  of  which  involved  severe,  yet  transient,  colitis  in  3  of  3 
patients  receiving  T  cells  specific  for  the  colon  cancer-associated  antigen,  CEA.19 

In  the  above  examples,  the  target  tumor  antigens  were  also  expressed  by  a  range  of 
normal  tissues.  However,  antigens  with  greater  tumor  specificity  are  emerging  as  more  desirable 
targets.  The  cancer/testes  antigen,  NY-ESO-1,  represents  such  a  target  that  is  expressed  on  a 
range  of  tumors,  but  whose  normal  tissue  expression  is  limited  to  testes.  In  a  phase  I  study, 
over  50%  of  patients  with  either  melanoma  or  synovial  cell  sarcoma  experienced  objective 
clinical  responses  in  the  absence  of  any  immune-mediated  toxicity.  Similarly,  in  a  phase  I  study 
targeting  the  carbohydrate  antigen,  GD2,  with  genetically  redirected  T  cells,  no  T  cell-related 
adverse  events  were  observed,  despite  apparent  anti-tumor  activity  demonstrated  in  4  of  8 


8 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


22 

evaluable  patients.  "  GD2  is  an  attractive  target  since  it  is  expressed  on  neuroblastoma  and  many 
melanomas  but  normal  tissue  expression  is  largely  limited  to  brain  and  peripheral  nerves. 

Autoimmunity  associated  with  antibody  therapy 

There  is  much  promise  and  excitement  in  the  use  of  monoclonal  antibodies  for 
immunotherapy,  with  10  approved  by  the  FDA  for  the  treatment  of  cancer  (reviewed  by  Weiner 
et  al 23).  These  antibodies  are  specific  for  a  variety  of  molecular  targets  expressed  on  a  range  of 
cancers  including  lymphomas,  leukemias,  breast  cancer  and  colorectal  cancer.  A  variety  of 
effector  mechanisms  are  employed  by  antibodies  against  tumor  cells,  which  include  antagonizing 
growth  factors  and  their  receptors,  or  inducing  their  degradation.  Alternatively,  antibodies  may 
activate  antibody-dependent  cell-mediated  cytotoxicity  (ADCC)  or  the  complement  pathway. 
Finally,  antibodies  may  also  be  used  to  antagonize  receptors  such  as  cytotoxic  T  lymphocyte 
antigen-4  (CTLA-4),  which  normally  downregulate  immune  responses. 

Clinical  trials  are  currently  under  way  to  test  the  potential  of  antibodies  to  mediate  tumor 
regression.  Flowever,  just  as  spontaneously  arising  tumor-specific  antibodies  have  been  shown  to 
induce  autoimmune  pathologies  in  paraneoplastic  neurologic  disorders,24  toxicities  against 
normal  tissues  have  also  been  observed  in  a  proportion  of  patients  receiving  exogenous  antibody 
(Table  2). 

Toxicities  arising  from  antibody  administration  can  occur  in  various  ways.  Firstly, 
toxicity  can  follow  the  induction  of  potent  endogenous  autoimmunity  against  both  tumor 
antigens  and  other  self  antigens,  resulting  in  both  on-  and  off-target  toxicities.  Secondly, 
toxicities  can  involve  on-target  depletion  of  normal  cell  subsets,  compromising  normal  tissue 
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function.  In  this  case,  cell  depletion  and  resulting  toxicity  is  generally  transient,  persisting  only 
during  antibody  administration  after  which  normal  cells  are  replaced  from  precursors. 
Nevertheless,  even  transient  depletion  can  have  severe  consequences. 

Some  therapeutic  antibodies  mediate  their  anti-tumor  activity  by  blocking  growth  factor 
receptors.  Antibodies  included  in  this  category  include  bevacizumab,  cetuximab  and 
trastuzumab,  which  target  vascular  endothelial  growth  factor  receptor  (VEGF-R),  epidermal 
growth  factor  receptor  (EGF-R)  and  human  epidermal  growth  factor  receptor-2  (Her-2) 
respectively.  Toxicides  against  a  range  of  normal  tissues  including  gastrointestinal  tract,  skin  and 
lung  have  been  observed  using  these  antibodies  for  cancer  therapy.  However,  since  these 
antibodies  mediate  their  effects  largely  by  blocking  the  signaling  ability  of  growth  factor 
receptors,  which  is  reminiscent  of  the  action  of  drugs  rather  than  immunity,  we  have  not 

25  27 

discussed  these  antibodies  here,  but  cite  references  as  information  for  the  reader. 

Autoimmunity  involving  on-  and  off-target  toxicities. 

An  immune  response  is  a  complex  process  that  is  subject  to  many  controls  and  balances, 

including  the  involvement  of  inhibitory  molecules  on  lymphocytes  that  downregulate  responses 

(upon  elimination  of  antigen)  or  prevent  inappropriate  activity  against  self  antigens.  CTLA-4  is 

one  such  regulatory  molecule  expressed  by  T  cells  that  transmits  an  inhibitory  signal  to  T  cells 

upon  binding  to  CD80  and  CD86  on  antigen  presenting  cells.  The  targeting  of  this  inhibitory 

receptor  in  immunotherapy  has  been  used  to  break  immune  tolerance  of  T  cells  to  TAA,  resulting 

in  the  expansion  of  T  cells  that  elicit  anti-tumor  effects.  However,  in  addition  to  tumor 

regression,  anti-CTLA-4  antibodies,  such  as  ipilimumab  and  tremelimumab,  have  been 

associated  with  autoimmunity  affecting  tissues  including  the  thyroid,  lung,  joints,  gastric  mucosa 
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and  liver  (Table  2).  In  a  clinical  study  using  ipilimumab  to  treat  hematopoietic  malignancy  after 
recurrence  following  allogeneic  hematopoietic  cell  transplantation,  complete  remissions  were 
observed  in  two  Hodgkin’s  disease  patients  (2  of  29)  and  a  partial  remission  in  a  patient  with 
mantle  cell  lymphoma.  However,  grade  2  to  4  autoimmune  events  thought  to  be  treatment- 
related  observed  in  4  patients  in  this  study,  included  arthritis,  hyperthyroidism  and  recurring 

•  •  29 

pneumonitis. 

Toxicities  can  be  common  and  sometimes  severe,  as  seen  in  a  study  using  ipilimumab 
alone  or  together  with  vaccine  for  the  treatment  of  melanoma  or  renal  cell  carcinoma  (RCC).  In 
this  study,  21%  of  198  patients  developed  grade  3/  4  enterocolitis,  with  4  patients  suffering 
colonic  perforation  leading  to  2  deaths  and  one  colectomy.  Enterocolitis  resolved  in  most 
patients  following  administration  of  corticosteroids,  providing  further  evidence  of  immune 
involvement.  However,  it  was  not  clear  if  lymphocyte  responses  were  directed  against 
endogenous  antigens  from  normal  bowel  or  antigens  derived  from  intestinal  microflora. 
Gastrointestinal  toxicity  was  also  observed  in  another  study,  where  11  of  71  patients  receiving 
ipilimumab  developed  grade  3-4  diarrhea,  and  gastrointestinal  bleeding  required  colectomy  in 
one  patient.31 

Of  significant  interest  is  that  autoimmunity  has  been  demonstrated  to  be  associated  with 
clinical  response,  suggesting  that  the  greater  the  immune  dysregulation  mediated  by  anti-CTLA- 
4,  the  greater  the  anti-tumor  effect.  In  some  of  these  cases  specific  T  cells  have  been  identified 
that  were  associated  with  both  anti-tumor  activity  and  autoimmunity,  where  Melan-A  specific 
cytotoxic  T  cells  were  observed  infiltrating  tumors  and  skin  rashes  together  with  a  30-fold 

32 

increase  in  circulating  Melan-A  specific  cytotoxic  T  cells  following  treatment  with  ipilimumab. 


11 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


Further  randomized  clinical  studies  continue  in  order  to  determine  if  the  benefits  of  anti- 
CTLA-4  therapy  justify  the  risk  of  autoimmune  side  effects.  In  a  recent  phase  III  study  involving 
676  melanoma  patients,  ipilimumab  (with  or  without  gplOO  vaccine)  was  demonstrated  to 
significantly  improve  survival  of  patients  compared  to  patients  receiving  vaccine  alone  (10.1 

it 

months  median  survival  compared  with  6.4  months).  Complete  or  partial  tumor  responses  were 
observed  in  9.4%  of  patients  receiving  treatment  that  included  ipilimumab  compared  with  1.5% 
responses  in  patients  not  receiving  the  antibody.  Immune-related  adverse  events  occurred  in  60% 
of  ipilimumab  treated  patients,  with  approximately  15%  of  patients  experiencing  grade  3  or  4 
immune-related  adverse  events.  Toxicity  was  largely  reversed  with  appropriate  treatment, 
although  7  deaths  occurred  that  were  thought  to  be  immune-related  due  to  conditions  including 
colitis,  bowel  perforation,  liver  failure  and  one  patient  with  Guillain-Barre  syndrome. 

A  range  of  measures  can  be  taken  to  manage  immune-mediated  toxicides,  including  the 
use  of  corticosteroids,  which  can  decrease  the  severity  of  toxicity.  Interestingly,  anti-tumor 
responses  have  been  observed  to  be  maintained  in  the  presence  of  steroid  treatment,  suggesting 

TO  T 1 

that  anti-tumor  activity  can  be  separated  from  auto-reactivity,  at  least  in  some  circumstances.  ’ 
Anti-CTLA-4  antibodies  have  induced  anti-tumor  responses  most  markedly  against  RCC 

no 

and  melanoma,  which  suggests  that  these  two  cancers  are  exceptionally  immunogenic. 

Induction  of  autoimmunity  by  anti-CTLA-4  may  occur  through  dysregulation  of  a  pre-existing 
immune  response  to  self  antigens,  which  was  held  in  check  by  CTLA-4,  or  through  a  de  novo 
expansion  of  self-reactive  T  cells  from  naive  precursors  in  the  absence  of  the  CTLA-4 
checkpoint. 

Immune  checkpoints  are  attractive  targets  for  immunotherapies  and  much  interest  is 
being  expressed  in  targeting  immune  inhibitory  pathways  other  than  CTLA-4.  Programmed 
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death- 1  (PD-1)  is  expressed  by  activated  T  cells  and  expression  of  its  ligand  PD-l-L  is  expressed 
by  a  range  of  cell  types  including  antigen  presenting  cells  and  sometimes  by  tumor  cells 
themselves.  Interaction  of  PD-1  with  its  ligand  inhibits  T  cell  responses  and  downregulates 
immunity. 

In  a  clinical  study  MDX-1106,  a  PD-l-blocking  antibody,  was  used  for  the  treatment  of  a 
range  of  malignancies  including  melanoma,  renal  cell  carcinoma,  non-small  cell  lung  carcinoma 
and  prostate  cancer.  Results  from  the  first  39  patients  indicate  that  3  patients  had  objective  tumor 
responses.34  Treatment  was  well  tolerated  with  a  single  case  of  colitis  the  only  grade  3/4  adverse 
event  reported  potentially  related  to  antibody  administration.  A  more  detailed  knowledge  of 
immune  checkpoints  may  lead  to  effective  and  safe  immunotherapies. 

On-target  toxicities  from  depletion  of  normal  cell  subsets 

In  order  to  apply  effector  mechanisms  of  ADCC  and  complement  against  malignant  cells, 
the  identification  of  cell  surface  markers  is  necessary.  However,  most  molecular  targets  of 
antibodies  against  hematologic  cancers  are  lineage-specific  rather  than  tumor-specific,  and 
consequently  immune-mediated  toxicity  is  induced  against  normal  blood  cells,  which  can 
compromise  immunity  or  hematopoiesis.  Fortunately,  target  markers  can  sometimes  be  selected 
that  are  not  expressed  on  stem  cells  or  lineage  precursors,  therefore  normal  cells  can  often  be 
reconstituted  after  cessation  of  therapy.  Nevertheless,  toxicities  can  occur  due  to  lowered 
immunity  following  immune-mediated  depletion  of  normal  leukocytes,  as  seen  when  using 
antibodies  for  the  treatment  of  some  hematologic  malignancies.. 

Gemtuzumab  Ozogamicin  (Mylotarg  ®)  is  an  antibody-calicheamicin  conjugate  that 

targets  the  CD33  surface  antigen.  Gemtuzumab  treatment  has  been  successful  in  the  treatment  of 
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CD33  positive  AML,  following  internalization  of  the  conjugate.  However,  the  expression  of 
CD33  on  normal  cells  (myeloid  progenitor  cells  and  monocytes)  has  resulted  in  a  large 
proportion  of  patients  experiencing  neutropenia  (>90%)  resulting  in  pneumonia  and  infections 
(-20%)  that  can  be  life  threatening. 36,37  Another  serious  effect  of  Gemtuzumab  is  the 
development  of  hepatotoxicity  such  as  vascular  obstructive  disease  (VOD),  which  damages  the 
hepatic  sinusoidal  epithelium.  This  is  thought  to  occur  via  receptor-mediated  uptake  of  the 
antibody-calicheamicin  complex  through  CD33  expression  on  liver  cell  populations  such  as 
Kupffer  cells  (up  to  48%  of  patients  in  some  studies)  .  Although  CD33  is  still  a  target  of 
interest  for  treating  AML  and  some  patients  can  benefit  from  treatment  with  gemtuzumab,40 
Mylotarg  was  voluntarily  withdrawn  from  the  market  in  June  2010  because  no  significant  benefit 
of  the  antibody  conjugate  in  combination  with  chemotherapy  was  demonstrated  above 
chemotherapy  alone. 

Alemtuzumab  (MabCampath  ®)  provides  another  example  where  subsets  of  noimal 
leukocytes  are  depleted  following  treatment  of  hematologic  malignancy.  Alemtuzumab  is  used  in 
the  treatment  of  chronic  lymphocytic  leukemia  (CLL)  and  binds  to  CD52,  which  is  present  on 
both  normal  and  malignant  B  and  T  lymphocytes,  as  well  as  monocytes,  macrophages  and 
eosinophils.41  The  use  of  alemtuzumab  has  yielded  promising  results  with  objective  response 
rates  of  up  to  90%  in  CLL  and  encouraging  results  against  other  malignancies  such  as  T  cell 
prolymphocytic  leukemia  and  peripheral  T  cell  lymphoma.42'43  Due  to  expression  of  CD52  on 
noimal  leukocytes,  alemtuzumab  also  depletes  normal  immune  cell  populations,  which  can  result 
in  severe  infections  that  can  be  fatal.42'44 

On-target  depletion  of  normal  leukocytes  has  also  been  observed  using  Rituximab,  which 
is  specific  for  CD20  expressed  on  a  variety  of  non-Hodgkin’s  lymphomas  and  normal  mature  B 
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cells.45  Rituximab  has  been  used  in  the  treatment  of  malignancies  including  follicular  and  diffuse 
large  B  cell  lymphoma.46,47  It  has  been  shown  to  mediate  lysis  of  lymphoma  cells  through  a 
complement-dependent  mechanism,  and  it  has  substantially  increased  the  survival  rates  of 
patients  with  B  cell  lymphomas  since  its  approval  by  the  FDA  in  1997.  However,  the  use  of  this 
antibody  has  been  associated  with  toxicities  including  tumor  lysis  syndrome,  infections  and 
reactivation  of  viruses  such  as  Hepatitis  B  and  Herpes  Simplex  virus.48,49  Although  antibody- 
producing  plasma  cells  are  not  depleted  with  Rituximab,  several  other  cell  subsets  including 
mature  B  cells  are  depleted,  which  is  thought  to  be  responsible  for  increased  rates  of  infection. 
Interestingly,  depletion  of  neutrophils  has  also  been  observed  following  the  use  of  rituximab.50 
The  extent  of  neutropenia  did  not  generally  have  clinical  significance  in  these  cases,  and 
although  the  mechanism  of  neutrophil  depletion  were  not  clear,  the  production  of  anti-neutrophil 
antibodies  and  disruption  of  neutrophil  homeostasis  resulting  from  B  cell  depletion  have  been 
proposed  as  potential  contributing  causes. 

Autoimmunity  from  cytokine  administration 

A  range  of  cytokines  are  being  tested  in  the  clinic  for  their  ability  to  recruit  immunity 
against  tumor  cells  by  inducing  the  activation,  proliferation  and  survival  of  tumor-specific 
lymphocyte  populations.'  The  complexity  of  cytokine  interactions  with  the  immune  system 
means  that  often  the  outcomes  of  their  use  cannot  be  fully  predicted.  It  is  therefore  not  entirely 
unexpected  that  autoimmune  pathologies  have  been  encountered  in  a  number  of  cytokine  trials  to 
date  (Table  3). 
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Interferon-  a 

IFN-a  is  a  prominent  and  sometimes  first-line  therapy  against  many  cancers,  including 
melanoma,  RCC,  cutaneous  T  cell  lymphoma,  chronic  myeloid  leukemia,  bladder  and  ovarian 
cancer.  The  receptor  for  IFN-a  is  almost  ubiquitously  expressed,  and  can  signal  to  leukocytes 
and  tumors  in  a  variety  of  ways.  It  can  have  pro-  or  anti-proliferative  effects,  pro-  or  anti- 
apoptotic  effects,  modulate  cell  immunogenicity,  promote  immune  responses  and  inhibit 
angiogenesis. 

An  extensive  range  of  autoimmune  complications  have  been  reported  following  IFN-a 
therapy  for  cancer  (Table  3).51  Adverse  events  include  diabetes  and  vitiligo,  as  well  as  the 
aggravation  of  pre-existing  autoimmune  diseases.  Prospective  studies  have  indicated  that 
autoimmunity  in  patients  correlates  with  prolonged  relapse-free  and  overall  survival  .  This 
provides  evidence  that  in  humans  IFN-a  is  working  against  cancer  at  least  in  part  by  boosting  the 
immune  response.  The  mechanisms  by  which  IFN-a  induces  cancer  regression  remain  the 
subject  of  ongoing  investigation.  It  has  been  shown  to  act  both  on  host  leukocytes  and  directly  on 
tumor  cells.53'54 

Both  B  and  T  cell-mediated  autoimmunities  have  been  reported  in  response  to  IFN-a, 
which  is  consistent  with  known  activities  of  type-I  interferons.  Type-I  interferons  can  promote 
skewing  of  T  cells  to  a  cytotoxic  phenotype  by  stimulating  their  expression  of  the  IL-12R.55 
They  complement  this  by  also  inducing  genes  coding  for  MHC-I  and  TAAs  on  tumor  and  non¬ 
tumor  populations.56  IFN-a  may  indirectly  promote  the  proliferation  of  memory  T  cell 
populations57  and  also  promotes  B-cell  switching  to  the  IgG2a  isotype.  IgG2a  is  capable  of 

58 

targeting  cells  for  phagocytosis  and  triggering  complement-mediated  cytotoxicity. 
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In  summary,  type-I  IFNs  are  powerful  modulators  of  anti-tumor  immunity.  The 
information  available  regarding  their  effects  on  leukocytes,  host  stroma  and  tumor  cells  serves  as 
a  further  example  of  the  pleiotropic  effects  that  cytokines  can  mediate. 

Interleukin-2 

IL-2  has  been  widely  applied  in  the  clinic  in  the  treatment  of  melanoma,  RCC  and  AML 
and  is  one  of  only  a  few  cytokines  that  has  progressed  to  FDA  approval  in  the  treatment  of 
cancer.  Used  alone  in  the  treatment  of  metastatic  melanoma  it  has  produced  objective  response 
rates  of  up  to  16%. 59  The  anti-tumor  effect  of  IL-2  stems  at  least  in  part  from  its  ability  to  act  as  a 
growth  factor  for  T  cells  and  to  enhance  the  cytolytic  activity  of  NK  cells. 

Non-immune  systemic  toxicities  associated  with  high-dose  IL-2  therapy  are  well 
appreciated.  IL-2  therapy  induces  systemic  inflammation,  the  exact  mechanism  of  which  is 
poorly  understood,  and  the  main  symptomatic  outcomes  are  hypotension  and  capillary  leak 
syndrome,  accompanied  by  flu-like  symptoms,  vomiting  and  diarrhea.  Despite  its  toxicity, 
advances  in  managing  symptoms,  and  the  resolution  of  toxicity  following  cessation  of 
administration,  have  led  to  its  continued  use  in  the  cancer  setting.60'61 

In  addition  to  these  systemic  toxicities,  IL-2  therapy  is  known  to  both  exacerbate 
autoimmunity  and  trigger  it  de  novo  (Table  3).  In  a  notable  case  study,  both  of  these  outcomes 
were  detected  within  the  same  patient  following  high-dose  IL-2  therapy  for  RCC,  with 
worsening  of  diabetes  and  induction  of  myasthenia  gravis  and  polymyositis.62  There  is  evidence 
that  IL-2  can  augment  humoral  responses  specific  for  autoantigens  and  drive  expansion  of  NK 
and  T  cells.63’65  Thus,  both  humoral  and  cell-mediated  immune  mechanisms  may  contribute  to 
autoimmunity  resulting  from  cytokine  therapy.66  Interestingly,  similar  to  observations  using 


17 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


antibodies  or  adoptive  immunotherapy  for  cancer  treatment  as  discussed  above,  anti-tumor 
responses  in  patients  receiving  cytokines  can  correlate  with  autoimmunity.63'64 

The  best  evidence  that  high-dose  IL-2  can  induce  on-target  (tumor  antigen)  autoimmunity 
stems  from  a  prospective  study  of  patients  treated  for  metastatic  melanoma  and  RCC  67 .  Here, 
vitiligo  (autoimmune  destruction  of  melanocytes)  was  observed  in  11/74  of  patients  treated  for 
melanoma,  but  0/104  treated  for  RCC.  Development  of  vitiligo  in  melanoma  patients  correlated 
with  objective  responses  to  therapy,  indicating  that  immune  targeting  of  melanoma 
differentiation  antigens  was  underpinning  both  outcomes.  Other  autoimmune  toxicides  reported 
in  conjunction  with  IL-2  therapy  include  diabetes  mellitus  and  hypothyroidism  (Table  3).  These 
are  presumed  to  represent  examples  of  off-target  autoimmunity  in  the  absence  of  reported 
antigen  sharing  between  tumors  and  the  affected  tissues. 

Autoimmunity  associated  with  cancer  vaccines 

Vaccines  are  a  major  focus  of  cancer  immunotherapy,  and  lessons  learned  from 
successful  vaccines  against  infectious  disease  are  being  applied  to  the  treatment  of  malignant 
disease.  Antigen  formulations  used  in  cancer  vaccines  include  peptides  and  whole  proteins  in 
combination  with  adjuvants  to  improve  immunogenicity  or  pulsed  directly  onto  dendritic  cells  to 
facilitate  antigen  presentation.  In  addition,  antigen  has  been  encoded  in  recombinant  viruses  in 
attempts  to  generate  robust  immune  responses  to  TAA  in  parallel  to  viral  antigens. 

The  vaccination  approach  has  shown  considerable  promise  in  preclinical  murine  models, 
although  breaking  of  tolerance  towards  TAA  expressed  by  both  the  tumor  and  healthy  peripheral 
tissues  of  mice  has  been  observed  to  result  in  autoimmune  disease  in  some  cases  (summarized  in 
Table  4).  In  humans,  cancer  vaccines  have  been  studied  intensively,  particularly  in  the 
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melanoma  setting.  Increased  frequencies  of  antigen-specific  circulating  T  cells  have  often  been 
observed  following  vaccine  administration,  although  overall  clinical  responses  rates  of  only 

z:o 

2.6%  have  been  achieved.  Perhaps  in  keeping  with  the  low  response  rate,  there  have  been  few 
reports  of  autoimmunity  arising  in  patients  following  vaccination  with  TAA.  An  evaluation  of 
autoimmunity  in  melanoma  patients  treated  with  IL-2  and  vaccines  reported  the  occurrence  of 
autoimmune  thyroiditis  and  autoimmune  insulitis,  but  these  events  were  infrequent.69  Perhaps  as 
cancer  vaccines  become  more  potent  as  they  can  be  in  animal  models,  we  might  see  a 
concomitant  increase  in  autoimmune  sequelae. 

Concluding  remarks  and  future  perspective 

In  summary,  while  immunotherapy  holds  great  promise  for  the  treatment  of  a  range  of 
malignancies,  many  of  these  therapies  can  be  associated  with  autoimmunity  against  normal  self 
tissues  (Figure  1).  Mechanisms  involved  in  immune-mediated  damage  of  normal  tissues  are 
varied,  and  a  greater  understanding  of  these  mechanisms  will  enable  enhanced  and  more  specific 
forms  of  immunotherapy  for  cancer. 

The  most  obvious  means  of  toxicity  results  from  expression  of  TAA  on  normal  tissue 
(Figure  2).  Thus,  antibodies  raised  against  these  antigens  can  react  against  normal  cells  either  by 
inducing  complement-mediated  lysis  or  facilitating  ADCC  by  innate  leukocytes.  Adoptively 
transferred  T  cells  specific  for  TAA  can  likewise  react  directly  against  normal  tissues  expressing 
those  antigens  as  part  of  their  normal  proteome.  However,  toxicity  can  also  result  from  de  novo 
induction  of  immune  responses  against  other  antigens  on  normal  tissues.  For  example,  inhibition 
of  CTLA-4  can  dysregulate  normal  lymphocyte  homeostasis,  leading  to  expansion  of  self- 
reactive  T  cells  able  to  respond  against  normal  tissues  that  do  not  express  TAA.  Similarly, 
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immunotherapy  can  lead  to  epitope  spreading  in  which  immune  responses  can  be  raised  against 

7 1 

additional  molecular  targets,  including  those  expressed  on  normal  tissues. 

As  our  knowledge  of  the  human  proteome  and  the  cancer  genome  increases, 
opportunities  are  arising  to  refine  the  choice  of  antigens  for  immunotherapy.  Next-generation 
genome  sequencing  allows  cataloging  of  all  the  mutations  within  any  given  tumor  cell.  This 
could  allow  the  rapid  identification  of  truly  tumor-unique  antigens  and  greater  personalization  of 
vaccine  and  adoptive  immunotherapies  in  the  near-future.  Already  anti-idiotype  vaccines  are 

73  74 

showing  promise  for  the  specific  targeting  of  malignant  B  cell  lymphomas.  ' 

Methods  to  reduce  immune-mediated  toxicity  in  adoptive  immunotherapy  may  involve 
identifying  multiple  antigens  that  together  constitute  a  tumor  signature  or  “barcode”.  Gene 
constructs  encoding  several  antigen  receptors  can  be  developed  where  the  threshold  for  cytotoxic 
activity  is  only  reached  if  the  complete  “barcode”  is  recognized.  Alternatively,  constructs  can  be 
designed  which  shut  down  T  cell  activity  if  a  barcode  indicative  of  normal  healthy  tissue  is 
encountered. 

In  the  case  of  cytokine  therapy,  systemic  toxicities  and  the  deregulation  of  immune 
responses  may  also  be  reduced  through  more  targeted  delivery  of  cytokines  to  the  tumor  site, 
rather  than  systemically.76 

In  antibody  therapy,  it  is  useful  to  consider  that  not  all  antibodies  for  a  specific  target 
molecule  are  equal  in  their  immune  side  effects,  as  seen  using  TGN1412,  a  monoclonal  antibody 
specific  for  the  T  cell  costimulatory  molecule  CD28.  TGN1412  was  thought  to  hold  promise  as  a 
treatment  for  cancer  and  rheumatoid  arthritis,  but  a  safety  trial  performed  in  6  healthy  volunteers 
demonstrated  severe  toxicity  including  hypotension  and  respiratory  distress.  Toxicity  was 
thought  to  be  due  to  high  levels  of  serum  cytokines  in  response  to  CD28  ligation  occurring 
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within  hours  of  antibody  administration.  TGN1412  differed  from  other  anti-CD28  antibodies  in 
that  it  had  superagonist  qualities,  not  possessed  by  all  anti-CD28  antibodies.  Similarly, 
individual  anti-CTLA-4  antibodies  can  differ  in  their  capacity  to  induce  autoimmunity,  as 
demonstrated  in  mice  engineered  to  express  human  CTLA-4.  In  this  mouse  model,  several 
antibodies  varied  in  their  relative  abilities  to  induce  autoimmunity  and  protection  against 
tumor.  An  antibody  was  identified  that  produced  the  strongest  anti-tumor  activity  and  the  least 
autoimmunity.  Thus,  it  may  be  possible  to  separate  anti-tumor  activity  from  autoimmunity  by 
antibody  selection. 

Selective  downregulation  of  autoimmunity  may  also  be  possible  using 
immunosuppressants.  The  use  of  corticosteroids  to  counteract  severe  immune-mediated  toxicity 
has  surprisingly  indicated  that  steroid  treatment  may  not  always  signal  the  end  of  an 
immunotherapy’s  beneficial  impact,  with  tumor  responses  being  maintained  after  resolution  of 
autoimmunity  using  steroids.  '  A  further  consideration  is  whether  it  is  possible  to  kinetically 
separate  anti-tumor  immunity  from  autoimmunity.  Regulatory  mechanisms  on  healthy  tissues 
may  allow  them  to  withstand  immune  toxicity  for  a  period  of  time. 

Immunotherapy  is  an  exciting  and  increasingly  effective  treatment  option  for  cancer. 
However,  it  is  becoming  increasingly  clear  that  cancer  immunotherapy  is  a  balancing  act 
between  anti-tumor  immunity  and  immune  toxicity.  The  association  between  immune  toxicity 
and  increased  anti-tumor  effects  following  immunotherapy  highlights  the  need  for  strategies  that 
can  mitigate  the  risk  of  these  toxicities  during  immunotherapy,  while  preserving  activity  against 
malignancy. 


21 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


Acknowledgements:  This  work  was  supported  by  the  National  Health  and  Medical  Research 
Council  of  Australia  (NHMRC),  Cancer  Council  of  Victoria  and  The  Susan  G.  Komen  Breast 
Cancer  Foundation.  M.K.  is  supported  by  a  Senior  Research  Fellowship  from  the  NHMRC.  P.D. 
is  supported  by  an  NHMRC  Career  Development  Award,  and  S.A.  is  supported  by  a  Cancer 
Council  of  Victoria  Postgraduate  Cancer  Research  Scholarship. 

Author  contributions:  S.A.,  C.D.,  J.W.,  D.R.,  P.D.  and  M.K.  researched  and  wrote  the  paper. 
R.  J.  assisted  in  writing  the  adoptive  immunotherapy  section  and  critically  reviewed  the 
manuscript.  The  authors  have  no  conflict  of  interest  to  declare. 


22 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


References 

1.  Banchereau  J,  Palucka  AK.  Dendritic  cells  as  therapeutic  vaccines  against  cancer.  Nat 
Rev  Immunol.  2005;5(4):296-306. 

2.  Smyth  MJ,  Cretney  E,  Kershaw  MH,  Hayakawa  Y.  Cytokines  in  cancer  immunity  and 
immunotherapy.  Immunol  Rev.  2004;202:275-293. 

3.  Weiner  LM,  Dhodapkar  MV,  Ferrone  S.  Monoclonal  antibodies  for  cancer 
immunotherapy.  Lancet.  2009;373(9668):  1033-1040. 

4.  Rosenberg  SA,  Dudley  ME.  Adoptive  cell  therapy  for  the  treatment  of  patients  with 
metastatic  melanoma.  Curr  Opin  Immunol.  2009;21(2):233-240. 

5.  Bollard  CM,  Aguilar  L,  Straathof  KC,  et  al.  Cytotoxic  T  lymphocyte  therapy  for  Epstein- 
Barr  virus+  Hodgkin's  disease.  J  Exp  Mecl.  2004;200(12):1623-1633. 

6.  Grimm  EA,  Robb  RJ,  Roth  JA,  et  al.  Lymphokine-activated  killer  cell  phenomenon.  III. 
Evidence  that  IL-2  is  sufficient  for  direct  activation  of  peripheral  blood  lymphocytes  into 
lymphokine-activated  killer  cells.  J  Exp  Med.  1983;158(4):  1356-1361 . 

7.  Mitchison  NA.  Studies  on  the  immunological  response  to  foreign  tumor  transplants  in  the 
mouse.  I.  The  role  of  lymph  node  cells  in  conferring  immunity  by  adoptive  transfer.  J  Exp  Med. 
1955;  102(2):  157-177. 

8.  Overwijk  WW,  Theoret  MR,  Finkelstein  SE,  et  al.  Tumor  regression  and  autoimmunity 
after  reversal  of  a  functionally  tolerant  state  of  self-reactive  CD8+  T  cells.  J  Exp  Med. 
2003;198(4):569-580. 

9.  Dudley  ME,  Yang  JC,  Sherry  R,  et  al.  Adoptive  cell  therapy  for  patients  with  metastatic 
melanoma:  evaluation  of  intensive  myeloablative  chemoradiation  preparative  regimens.  J  Clin 
Oncol.  2008;26(32):5233-5239. 

10.  Johnson  LA,  Morgan  RA,  Dudley  ME,  et  al.  Gene  therapy  with  human  and  mouse  T-cell 
receptors  mediates  cancer  regression  and  targets  normal  tissues  expressing  cognate  antigen. 
Blood.  2009;114(3):535-546. 

11.  Bendle  GM,  Linnemann  C,  Hooijkaas  Al,  et  al.  Lethal  graft-versus-host  disease  in  mouse 
models  of  T  cell  receptor  gene  therapy.  Nat  Med.  2010;16(5):565-570. 

12.  Rosenberg  SA.  Of  mice,  not  men:  no  evidence  for  graft-versus-host  disease  in  humans 
receiving  T-cell  receptor-transduced  autologous  T  cells.  Mol  Ther.  2010;18(10):1744-1745. 

13.  Westwood  JA,  Kershaw  MH.  Genetic  redirection  of  T  cells  for  cancer  therapy.  J  Leukoc 
Biol.  2010;87(5):791-803. 

14.  Lamers  CH,  Sleijfer  S,  Vulto  AG,  et  al.  Treatment  of  metastatic  renal  cell  carcinoma  with 
autologous  T-lymphocytes  genetically  retargeted  against  carbonic  anhydrase  IX:  first  clinical 
experience.  J  Clin  Oncol.  2006;24(13):e20-22. 

15.  Kochenderfer  JN,  Wilson  WH,  Janik  JE,  et  al.  Eradication  of  B-lineage  cells  and 
regression  of  lymphoma  in  a  patient  treated  with  autologous  T  cells  genetically  engineered  to 
recognize  CD19.  Blood.  2010;116(20):4099-4102. 

16.  Brentjens  R,  Yeh  R,  Bernal  Y,  Riviere  I,  Sadelain  M.  Treatment  of  chronic  lymphocytic 
leukemia  with  genetically  targeted  autologous  T  cells:  case  report  of  an  unforeseen  adverse  event 
in  a  phase  I  clinical  trial.  Mol  Ther.  2010;18(4):666-668. 

17.  Morgan  RA,  Yang  JC,  Kitano  M,  Dudley  ME,  Laurencot  CM,  Rosenberg  SA.  Case 
report  of  a  serious  adverse  event  following  the  administration  of  T  cells  transduced  with  a 
chimeric  antigen  receptor  recognizing  ERBB2.  Mol  Ther.  2010;18(4):843-851. 


23 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


18.  Bernhard  H,  Neudorfer  J,  Gebhard  K,  et  al.  Adoptive  transfer  of  autologous,  HER2- 
specific,  cytotoxic  T  lymphocytes  for  the  treatment  of  HER2-overexpressing  breast  cancer. 
Cancer  Immunol  Immunother.  2008;57(2):27 1-280. 

19.  Parkhurst  MR,  Yang  JC,  Langan  RC,  et  al.  T  Cells  Targeting  Carcinoembryonic  Antigen 
Can  Mediate  Regression  of  Metastatic  Colorectal  Cancer  but  Induce  Severe  Transient  Colitis. 
Mol  Ther.  2011;19(3):620-626. 

20.  Chen  YT,  Scanlan  MJ,  Sahin  U,  et  al.  A  testicular  antigen  aberrantly  expressed  in  human 
cancers  detected  by  autologous  antibody  screening.  Proc  Natl  Acad  Sci  USA.  1997;94(5):1914- 
1918. 

21.  Robbins  PF,  Morgan  RA,  Feldman  SA,  et  al.  Tumor  Regression  in  Patients  With 
Metastatic  Synovial  Cell  Sarcoma  and  Melanoma  Using  Genetically  Engineered  Fymphocytes 
Reactive  With  NY-ESO-1.  /  Clin  Oncol.  2011;29(7):917-924. 

22.  Pule  MA,  Savoldo  B,  Myers  GD,  et  al.  Virus-specific  T  cells  engineered  to  coexpress 
tumor-specific  receptors:  persistence  and  antitumor  activity  in  individuals  with  neuroblastoma. 
Nat  Med.  2008;14(11):1264-1270. 

23.  Weiner  EM,  Surana  R,  Wang  S.  Monoclonal  antibodies:  versatile  platforms  for  cancer 
immunotherapy.  Nat  Rev  Immunol.  2010;  10(5):3 17-327. 

24.  Roberts  WK,  Darnell  RB.  Neuroimmunology  of  the  paraneoplastic  neurological 
degenerations.  Curr  Opin  Immunol.  2004;16(5):616-622. 

25.  Diaz  JP,  Tew  WP,  Zivanovic  O,  et  al.  Incidence  and  management  of  bevacizumab- 
associated  gastrointestinal  perforations  in  patients  with  recurrent  ovarian  carcinoma.  Gynecol 
Oncol.  2010;116(3):335-339. 

26.  Lin  WL,  Lin  WC,  Yang  JY,  et  al.  Fatal  toxic  epidermal  necrolysis  associated  with 
cetuximab  in  a  patient  with  colon  cancer.  J  Clin  Oncol.  2008;26(16):2779-2780. 

27.  Slamon  DJ,  Leyland-Jones  B,  Shak  S,  et  al.  Use  of  chemotherapy  plus  a  monoclonal 
antibody  against  HER2  for  metastatic  breast  cancer  that  overexpresses  HER2.  N  Engl  J  Med. 
2001;344(ll):783-792. 

28.  Phan  GQ,  Yang  JC,  Sherry  RM,  et  al.  Cancer  regression  and  autoimmunity  induced  by 
cytotoxic  T  lymphocyte-associated  antigen  4  blockade  in  patients  with  metastatic  melanoma. 
Proc  Natl  Acad  Sci  U  S  A.  2003;100(14):8372-8377. 

29.  Bashey  A,  Medina  B,  Corringham  S,  et  al.  CTLA4  blockade  with  ipilimumab  to  treat 
relapse  of  malignancy  after  allogeneic  hematopoietic  cell  transplantation.  Blood. 

2009;  113(7):  158 1-1588. 

30.  Beck  KE,  Blansfield  JA,  Tran  KQ,  et  al.  Enterocolitis  in  patients  with  cancer  after 
antibody  blockade  of  cytotoxic  T-lymphocyte-associated  antigen  4.  J  Clin  Oncol. 
2006;24(15):2283-2289. 

31.  Wolchok  JD,  Neyns  B,  Linette  G,  et  al.  Ipilimumab  monotherapy  in  patients  with 
pretreated  advanced  melanoma:  a  randomised,  double-blind,  multicentre,  phase  2,  dose-ranging 
study.  Lancet  Oncol.  2010;1 1(2):  155-164. 

32.  Klein  O,  Ebert  LM,  Nicholaou  T,  et  al.  Melan- A- specific  cytotoxic  T  cells  are  associated 
with  tumor  regression  and  autoimmunity  following  treatment  with  anti-CTLA-4.  Clin  Cancer 
Res.  2009;15(7):2507-2513. 

33.  Hodi  FS,  O'Day  SJ,  McDermott  DF,  et  al.  Improved  survival  with  ipilimumab  in  patients 
with  metastatic  melanoma.  N  Engl  J  Med.  2010;363(8):711-723. 


24 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


34.  Brahmer  JR,  Drake  CG,  Wollner  I,  et  al.  Phase  I  study  of  single-agent  anti-programmed 
death- 1  (MDX-1106)  in  refractory  solid  tumors:  safety,  clinical  activity,  pharmacodynamics,  and 
immunologic  correlates.  J  Clin  Oncol.  2010;28(19):3167-3175. 

35.  Linenberger  ML.  CD33-directed  therapy  with  gemtuzumab  ozogamicin  in  acute  myeloid 
leukemia:  progress  in  understanding  cytotoxicity  and  potential  mechanisms  of  drug  resistance. 
Leukemia .  2005 ;  19(2):  176- 1 82. 

36.  Larson  RA,  Sievers  EL,  Stadtmauer  EA,  et  al.  Final  report  of  the  efficacy  and  safety  of 
gemtuzumab  ozogamicin  (Mylotarg)  in  patients  with  CD33-positive  acute  myeloid  leukemia  in 
first  recurrence.  Cancer.  2005;104(7):1442-1452. 

37.  Sievers  EL,  Larson  RA,  Stadtmauer  EA,  et  al.  Efficacy  and  safety  of  gemtuzumab 
ozogamicin  in  patients  with  CD33-positive  acute  myeloid  leukemia  in  first  relapse.  J  Clin  Oncol. 
2001;19(13):3244-3254. 

38.  McKoy  JM,  Angelotta  C,  Bennett  CL,  et  al.  Gemtuzumab  ozogamicin-associated 
sinusoidal  obstmctive  syndrome  (SOS):  an  overview  from  the  research  on  adverse  drug  events 
and  reports  (RADAR)  project.  Leuk  Res.  2007;31(5):599-604. 

39.  Rajvanshi  P,  Shulman  HM,  Sievers  EL,  McDonald  GB.  Hepatic  sinusoidal  obstruction 
after  gemtuzumab  ozogamicin  (Mylotarg)  therapy.  Blood.  2002;99(7):23 10-23 14. 

40.  Burnett  AK,  Hills  RK,  Milligan  D,  et  al.  Identification  of  Patients  With  Acute 
Myeloblastic  Leukemia  Who  Benefit  From  the  Addition  of  Gemtuzumab  Ozogamicin:  Results  of 
the  MRC  AML  15  Trial.  J  Clin  Oncol.  201 1;29(4):369-377 

41.  Hale  G.  The  CD52  antigen  and  development  of  the  CAMPATH  antibodies.  Cytotherapy. 
2001  ;3(3):  137-143. 

42.  Lin  TS,  Donohue  KA,  Byrd  JC,  et  al.  Consolidation  therapy  with  subcutaneous 
alemtuzumab  after  fludarabine  and  rituximab  induction  therapy  for  previously  untreated  chronic 
lymphocytic  leukemia:  final  analysis  of  CALGB  10101.  J  Clin  Oncol.  2010;28(29):4500-4506. 

43.  Jiang  L,  Yuan  CM,  Hubacheck  J,  et  al.  Variable  CD52  expression  in  mature  T  cell  and 
NK  cell  malignancies:  implications  for  alemtuzumab  therapy.  British  Journal  of  Haematology. 
2009;  145(2):  173-179. 

44.  Wendtner  CM,  Ritgen  M,  Schweighofer  CD,  et  al.  Consolidation  with  alemtuzumab  in 
patients  with  chronic  lymphocytic  leukemia  (CLL)  in  first  remission— experience  on  safety  and 
efficacy  within  a  randomized  multicenter  phase  III  trial  of  the  German  CLL  Study  Group 
(GCLLSG).  Leukemia.  2004;  1 8(6):  1093-1 101 . 

45.  Maloney  DG,  Smith  B,  Rose  A.  Rituximab:  mechanism  of  action  and  resistance.  Semin 
Oncol.  2002;29(1  Suppl  2):2-9. 

46.  Feugier  P,  Van  Hoof  A,  Sebban  C,  et  al.  Long-term  results  of  the  R-CHOP  study  in  the 
treatment  of  elderly  patients  with  diffuse  large  B-cell  lymphoma:  a  study  by  the  Groupe  d'Etude 
des  Lymphomes  de  l'Adulte.  J  Clin  Oncol.  2005 ;23(18):41 17-4126. 

47.  Schulz  H,  Bohlius  JF,  Trelle  S,  et  al.  Immunochemotherapy  with  rituximab  and  overall 
survival  in  patients  with  indolent  or  mantle  cell  lymphoma:  a  systematic  review  and  meta¬ 
analysis.  J  Natl  Cancer  Inst.  2007;99(9):706-714. 

48.  Garcia- Rodriguez  MJ,  Canales  MA,  Hemandez-Maraver  D,  Hemandez-Navarro  F.  Late 
reactivation  of  resolved  hepatitis  B  virus  infection:  an  increasing  complication  post  rituximab- 
based  regimens  treatment?  Am  J  Hematol.  2008;83(8):673-675. 


25 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


49.  Hirokawa  M,  Kawabata  Y,  Fujishima  N,  Yoshioka  T,  Sawada  K.  Prolonged  reactivation 
of  cytomegalovirus  infection  following  successful  rituximab  therapy  for  Epstein-Barr  virus- 
associated  posttransplantation  lymphoproliferative  disorder.  Int  J  Hematol.  2007;86(3):291-292. 

50.  Grant  C,  Wilson  WFI,  Dunleavy  K.  Neutropenia  associated  with  rituximab  therapy.  Curr 
Opin  Hematol.  201 1 ;  1 8(1  ):49-54. 

51.  Steegmann  JL,  Requena  MJ,  Martin-Regueira  P,  et  al.  High  incidence  of  autoimmune 
alterations  in  chronic  myeloid  leukemia  patients  treated  with  interferon-alpha.  Am  J  Hematol. 
2003  ;72(3):  170-176. 

52.  Gogas  H,  Ioannovich  J,  Dafni  U,  et  al.  Prognostic  significance  of  autoimmunity  during 
treatment  of  melanoma  with  interferon.  N  Engl  J  Med.  2006;354(7):709-718. 

53.  Dunn  GP,  Bruce  AT,  Sheehan  KC,  et  al.  A  critical  function  for  type  I  interferons  in 
cancer  immunoediting.  Nat  Immunol.  2005;6(7):722-729. 

54.  Carson  WE.  Interferon-alpha-induced  activation  of  signal  transducer  and  activator  of 
transcription  proteins  in  malignant  melanoma.  Clin  Cancer  Res.  1998;4(9):2219-2228. 

55.  Afkarian  M,  Sedy  JR,  Yang  J,  et  al.  T-bet  is  a  STATl-induced  regulator  of  IL-12R 
expression  in  naive  CD4+  T  cells.  Nat  Immunol.  2002;3(6):549-557. 

56.  Dunn  IS,  Haggerty  TJ,  Kono  M,  et  al.  Enhancement  of  human  melanoma  antigen 
expression  by  IFN-beta.  J  Immunol.  2007;179(4):2134-2142. 

57.  Marrack  P,  Kappler  J,  Mitchell  T.  Type  I  interferons  keep  activated  T  cells  alive.  J  Exp 
Med.  1999;189(3):52 1-530. 

58.  Tovey  MG,  Lallemand  C,  Thyphronitis  G.  Adjuvant  activity  of  type  I  interferons.  Biol 
Chem.  2008  ;389(5):541  -545. 

59.  Atkins  MB,  Lotze  MT,  Dutcher  JP,  et  al.  High-dose  recombinant  interleukin  2  therapy 
for  patients  with  metastatic  melanoma:  analysis  of  270  patients  treated  between  1985  and  1993.  J 
Clin  Oncol.  1999;17(7):2105-2116. 

60.  Klapper  JA,  Downey  SG,  Smith  FO,  et  al.  High-dose  interleukin-2  for  the  treatment  of 
metastatic  renal  cell  carcinoma  :  a  retrospective  analysis  of  response  and  survival  in  patients 
treated  in  the  surgery  branch  at  the  National  Cancer  Institute  between  1986  and  2006.  Cancer. 
2008;  1 13(2):293-301 . 

61.  Schwartzentruber  DJ.  Guidelines  for  the  safe  administration  of  high-dose  interleukin-2.  J 
Immunother.  2001  ;24(4):287-293. 

62.  Fraenkel  PG,  Rutkove  SB,  Matheson  JK,  et  al.  Induction  of  myasthenia  gravis,  myositis, 
and  insulin-dependent  diabetes  mellitus  by  high-dose  interleukin-2  in  a  patient  with  renal  cell 
cancer.  J  Immunother.  2002;25(4):373-378. 

63.  Franzke  A,  Peest  D,  Probst-Kepper  M,  et  al.  Autoimmunity  resulting  from  cytokine 
treatment  predicts  long-term  survival  in  patients  with  metastatic  renal  cell  cancer.  J  Clin  Oncol. 
1999;  17(2):529-533. 

64.  Weijl  NI,  Van  der  Harst  D,  Brand  A,  et  al.  Hypothyroidism  during  immunotherapy  with 
interleukin-2  is  associated  with  antithyroid  antibodies  and  response  to  treatment.  J  Clin  Oncol. 
1993;1 1(7):  1376-1383. 

65.  Soni  N,  Meropol  NJ,  Porter  M,  Caligiuri  MA.  Diabetes  mellitus  induced  by  low-dose 
interleukin-2.  Cancer  Immunol  Immunother.  1996;43(l):59-62. 

66.  Abdel-Naser  MB,  Kruger- Krasagakes  S,  Krasagakis  K,  Gollnick  H,  Abdel-Fattah  A, 
Orfanos  CE.  Further  evidence  for  involvement  of  both  cell  mediated  and  humoral  immunity  in 
generalized  vitiligo.  Pigment  Cell  Res.  1994;7(1):  1-8. 


26 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


67.  Rosenberg  SA,  White  DE.  Vitiligo  in  patients  with  melanoma:  normal  tissue  antigens  can 
be  targets  for  cancer  immunotherapy.  J Immunother  Emphasis  Tumor  Immunol.  1996;  19(1):81- 
84. 

68.  Rosenberg  SA,  Yang  JC,  Restifo  NP.  Cancer  immunotherapy:  moving  beyond  current 
vaccines.  Nat  Med.  2004;10(9):909-915. 

69.  Chianese-Bullock  KA,  Woodson  EM,  Tao  H,  et  al.  Autoimmune  toxicides  associated 
with  the  administration  of  antitumor  vaccines  and  low-dose  interleukin- 2.  J  Immunother. 
2005;28(4):412-419. 

70.  Jain  N,  Nguyen  H,  Chambers  C,  Kang  J.  Dual  function  of  CTLA-4  in  regulatory  T  cells 
and  conventional  T  cells  to  prevent  multi  organ  autoimmunity.  Proc  Natl  Acad  Sci  USA. 
2010;107(4):1524-1528. 

71.  Corbiere  V,  Chapiro,  J.,  Stroobant,  V.,  Ma,  W.,  Lurquin,  C.,  Lethe,  B.,  Van  Baren,  N., 
Van  Den  Eynde,  B.,  Boon,  T.  and  Coulie,  P.  G.  Antigen  spreading  contributes  to  MAGE 
vaccination-induced  regression  of  melanoma  metastases.  Cancer  Research.  201 1  ;7 1 (4) :  1253-62. 

72.  Lee  W,  Jiang  Z,  Liu  J,  et  al.  The  mutation  spectrum  revealed  by  paired  genome 
sequences  from  a  lung  cancer  patient.  Nature.  2010;465(7297):473-477. 

73.  Timmerman  JM,  Singh  G,  Hermanson  G,  et  al.  Immunogenicity  of  a  plasmid  DNA 
vaccine  encoding  chimeric  idiotype  in  patients  with  B-cell  lymphoma.  Cancer  Res. 
2002;62(20):5845-5852. 

74.  Mahaseth  H,  Brody  JD,  Sinha  R,  Shenoy  PJ,  Flowers  CR.  Idiotype  vaccine  strategies  for 
treatment  of  follicular  lymphoma.  Future  Oncol.  2010;7(1):1 11-122. 

75.  da  Cunha  JP,  Galante  PA,  de  Souza  JE,  et  al.  Bioinformatics  construction  of  the  human 
cell  surfaceome.  Proc  Natl  Acad  Sci  USA.  2009;106(39):16752-16757. 

76.  Kaspar  M,  Trachsel  E,  Neri  D.  The  antibody-mediated  targeted  delivery  of  interleukin- 15 
and  GM-CSF  to  the  tumor  neovasculature  inhibits  tumor  growth  and  metastasis.  Cancer  Res. 
2007  ;67(  1 0) : 4940-4948 . 

77.  Suntharalingam  G,  Perry  MR,  Ward  S,  et  al.  Cytokine  storm  in  a  phase  1  trial  of  the  anti- 
CD28  monoclonal  antibody  TGN1412.  N  Engl  J  Med.  2006;355(10):1018-1028. 

78.  Lute  KD,  May  KF,  Jr.,  Lu  P,  et  al.  Human  CTLA4  knock-in  mice  unravel  the  quantitative 
link  between  tumor  immunity  and  autoimmunity  induced  by  anti-CTLA-4  antibodies.  Blood. 
2005;  106(9):3 127-3133. 

79.  Attia  P,  Phan  G,  Maker  A,  et  al.  Autoimmunity  correlates  with  tumor  regression  in 
patients  with  metastatic  melanoma  treated  with  anti-cytotoxic  T-lymphocyte  antigen-4.  J  Clin 
Oncol.  2005;23:6043  -6053. 

80.  Pellkofer  H,  Schubart  AS,  Hoftberger  R,  et  al.  Modelling  paraneoplastic  CNS  disease:  T- 
cells  specific  for  the  onconeuronal  antigen  PNMA1  mediate  autoimmune  encephalomyelitis  in 
the  rat.  Brain.  2004;127(Pt  8):1822-1830. 

81.  Maeda  A,  Maeda  T,  Ohguro  H,  Palczewski  K,  Sato  N.  Vaccination  with  recoverin,  a 
cancer-associated  retinopathy  antigen,  induces  autoimmune  retinal  dysfunction  and  tumor  cell 
regression  in  mice.  European  Journal  of  Immunology .  2002;32(8):2300-2307. 

82.  Palmer  DC,  Chan  CC,  Gattinoni  L,  et  al.  Effective  tumor  treatment  targeting  a 
melanoma/melanocyte-associated  antigen  triggers  severe  ocular  autoimmunity.  Proc  Natl  Acad 
Sci  USA.  2008;105(23):8061-8066. 


27 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


83.  Quezada  SA,  Simpson  TR,  Peggs  KS,  et  al.  Tumor-reactive  CD4(+)  T  cells  develop 
cytotoxic  activity  and  eradicate  large  established  melanoma  after  transfer  into  lymphopenic 
hosts.  J  Exp  Med.  2010;207(3):637-650. 

84.  Xie  Y,  Akpinarli  A,  Maris  C,  et  al.  Naive  tumor-specific  CD4(+)  T  cells  differentiated  in 
vivo  eradicate  established  melanoma.  J  Exp  Med.  2010;207(3):651-667. 

85.  Bos  R,  van  Duikeren  S,  Morreau  H,  et  al.  Balancing  between  antitumor  efficacy  and 
autoimmune  pathology  in  T-cell-mediated  targeting  of  carcinoembryonic  antigen.  Cancer  Res. 
2008;68(20):8446-8455. 

86.  Ugel  S,  Scarselli  E,  Iezzi  M,  et  al.  Autoimmune  B-cell  lymphopenia  after  successful 
adoptive  therapy  with  telomerase-specific  T  lymphocytes.  Blood.  2010;115(7):1374-1384. 

87.  Cheadle  EJ,  Hawkins  RE,  Batha  H,  O'Neill  AL,  Dovedi  SJ,  Gilham  DE.  Natural 
expression  of  the  CD  19  antigen  impacts  the  long-term  engraftment  but  not  antitumor  activity  of 
CD19-specific  engineered  T  cells.  J  Immunol.  2010;184(4):1885-1896. 

88.  Kochenderfer  JN,  Yu  Z,  Frasheri  D,  Restifo  NP,  Rosenberg  SA.  Adoptive  transfer  of 
syngeneic  T  cells  transduced  with  a  chimeric  antigen  receptor  that  recognizes  murine  CD  19  can 
eradicate  lymphoma  and  normal  B  cells.  Blood.  2010;116(19):3875-3886. 

89.  Chinnasamy  D,  Yu  Z,  Theoret  MR,  et  al.  Gene  therapy  using  genetically  modified 
lymphocytes  targeting  VEGFR-2  inhibits  the  growth  of  vascularized  syngenic  tumors  in  mice.  J 
Clin  Invest.  2010;120(ll):3953-3968. 

90.  Rosenberg  SA,  Packard  BS,  Aebersold  PM,  et  al.  Use  of  tumor-infiltrating  lymphocytes 
and  interleukin-2  in  the  immunotherapy  of  patients  with  metastatic  melanoma.  A  preliminary 
report.  N  Engl  J  Med.  1988;3 19(25):  1676-1680. 

91.  Ridolfi  L  RR,  Riccobon  A,  De  Paola  F,  Petrini  M,  Stefanelli  M,  Flamini  E,  Ravaioli  A, 
Verdecchia  GM,  Trevisan  G,  Amadori  D.  Adjuvant  adoptive  immunotherapy  in  patients  with 
stage  III  and  resected  stage  IV  melanoma:  a  pilot  study.  J Immunother.  2003;26(2):  156-162. 

92.  Yeh  S,  Karne  NK,  Kerkar  SP,  et  al.  Ocular  and  Systemic  Autoimmunity  after  Successful 
Tumor- Infiltrating  Lymphocyte  Immunotherapy  for  Recurrent,  Metastatic  Melanoma. 
Ophthalmology .  2009;116(5):981-989.e981. 

93.  Dudley  ME,  Wunderlich  JR,  Robbins  PF,  et  al.  Cancer  Regression  and  Autoimmunity  in 
Patients  After  Clonal  Repopulation  with  Antitumor  Lymphocytes 

10. 1126/science.  10765 14.  Science.  2002;298(5594):850-854. 

94.  Yee  C,  Thompson  JA,  Roche  P,  et  al.  Melanocyte  Destruction  after  Antigen- specific 
Immunotherapy  of  Melanoma:  Direct  Evidence  of  T  Cell-mediated  Vitiligo.  J  Exp  Med. 
2000;192(11):  1637-1644. 

95.  Camacho  LH,  Antonia  S,  Sosman  J,  et  al.  Phase  I/II  trial  of  tremelimumab  in  patients 
with  metastatic  melanoma.  J  Clin  Oncol.  2009;27(7):1075-1081. 

96.  Attia  P,  Phan  GQ,  Maker  AV,  et  al.  Autoimmunity  correlates  with  tumor  regression  in 
patients  with  metastatic  melanoma  treated  with  anti-cytotoxic  T-lymphocyte  antigen-4.  J  Clin 
Oncol.  2005;23(25):6043-6053. 

97.  Hodi  FS,  Mihm  MC,  Soiffer  RJ,  et  al.  Biologic  activity  of  cytotoxic  T  lymphocyte- 
associated  antigen  4  antibody  blockade  in  previously  vaccinated  metastatic  melanoma  and 
ovarian  carcinoma  patients.  Proc  Natl  Acad  Sci  USA.  2003;100(8):4712-4717. 

98.  Robinson  MR,  Chan  CC,  Yang  JC,  et  al.  Cytotoxic  T  lymphocyte-associated  antigen  4 
blockade  in  patients  with  metastatic  melanoma:  a  new  cause  of  uveitis.  J  Immunother. 

2004 ;27(6):478-479. 


28 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


99.  Sanderson  K,  Scotland  R,  Lee  P,  et  al.  Autoimmunity  in  a  phase  I  trial  of  a  fully  human 
anti-cytotoxic  T-lymphocyte  antigen-4  monoclonal  antibody  with  multiple  melanoma  peptides 
and  Montanide  ISA  51  for  patients  with  resected  stages  HI  and  IV  melanoma.  J  Clin  Oncol. 
2005;23(4):741-750. 

100.  van  Elsas  A,  Hurwitz  AA,  Allison  JP.  Combination  immunotherapy  of  B 16  melanoma 
using  anti-cytotoxic  T  lymphocyte-associated  antigen  4  (CTLA-4)  and  granulocyte/macrophage 
colony-stimulating  factor  (GM-CSF)-producing  vaccines  induces  rejection  of  subcutaneous  and 
metastatic  tumors  accompanied  by  autoimmune  depigmentation.  J  Exp  Med.  1999;  190(3):355- 
366. 

101.  Gregor  PD,  Wolchok  JD,  Ferrone  CR,  et  al.  CTLA-4  blockade  in  combination  with 
xenogeneic  DNA  vaccines  enhances  T-cell  responses,  tumor  immunity  and  autoimmunity  to  self 
antigens  in  animal  and  cellular  model  systems.  Vaccine.  2004;22(13-14):1700-1708. 

102.  van  Elsas  A,  Sutmuller  RPM,  Hurwitz  AA,  et  al.  Elucidating  the  Autoimmune  and 
Antitumor  Effector  Mechanisms  of  a  Treatment  Based  on  Cytotoxic  T  Lymphocyte  Antigen-4 
Blockade  in  Combination  with  a  B16  Melanoma  Vaccine:  Comparison  of  Prophylaxis  and 
Therapy.  J  Exp  Med.  2001  ;194(4):48 1-490. 

103.  Hurwitz  AA,  Foster  BA,  Kwon  ED,  et  al.  Combination  Immunotherapy  of  Primary 
Prostate  Cancer  in  a  Transgenic  Mouse  Model  Using  CTLA-4  Blockade.  Cancer  Res. 
2000;60(9):2444-2448. 

104.  Moreton  P,  Hillmen  P.  Alemtuzumab  therapy  in  B-cell  lymphoproliferative  disorders. 
Semin  Oncol.  2003;30(4):493-501. 

105.  Foran  JM,  Rohatiner  AZS,  Cunningham  D,  et  al.  European  Phase  II  Study  of  Rituximab 
(Chimeric  Anti-CD20  Monoclonal  Antibody)  for  Patients  With  Newly  Diagnosed  Mantle-Cell 
Lymphoma  and  Previously  Treated  Mantle-Cell  Lymphoma,  Immunocytoma,  and  Small  B-Cell 
Lymphocytic  Lymphoma.  J  Clin  Oncol.  2000;18(2):317-. 

106.  Suzan  F,  Ammor  M,  Ribrag  V.  Fatal  Reactivation  of  Cytomegalovirus  Infection  after  Use 
of  Rituximab  for  a  Post-Transplantation  Lymphoproliferative  Disorder.  N  Engl  J  Med. 
2001;345(13):1000. 

107.  Maria  JG-R,  Miguel  AC,  Dolores  H-M,  Fernando  H-N.  Late  reactivation  of  resolved 
hepatitis  B  virus  infection:  An  increasing  complication  post  rituximab-based  regimens  treatment? 
American  Journal  of  Hematology.  2008;83(8):673-675. 

108.  Herishanu  Y,  Trestman  S,  Kirgner  I,  Rachmani  R,  Naparstek  E.  Autoimmune 
thrombocytopenia  in  chronic  myeloid  leukemia  treated  with  interferon-alpha:  differential 
diagnosis  and  possible  pathogenesis.  Leuk  Lymphoma.  2003;44(12):2103-2108. 

109.  Ladoyanni  E,  Nambi  R.  Psoriasis  exacerbated  by  interferon-alpha  in  a  patient  with 
chronic  myeloid  leukemia.  J  Drugs  Dermatol.  2005;4(2):221-222. 

1 10.  Ozet  A,  Ozet  G,  Caliskaner  Z,  Komurcu  S,  Ozturk  B.  Development  of  hyperthyroidism 
during  long  term  interferon  therapy  in  a  patient  with  chronic  myelogenous  leukemia:  case  report. 
EndocrJ.  1997;44(5):715-717. 

111.  Tannir  NM,  Talpaz  M,  Ghazal  H,  Proothi  S,  Kantarjian  HM.  Acute  pancreatitis 
associated  with  interferon  alpha  therapy  for  chronic  myelogenous  leukemia.  Leuk  Lymphoma. 
2000;39(5-6):647-650. 

1 12.  Wolfe  JT,  Singh  A,  Lessin  SR,  Jaworsky  C,  Rook  AH.  De  novo  development  of  psoriatic 
plaques  in  patients  receiving  interferon  alfa  for  treatment  of  erythrodermic  cutaneous  T-cell 
lymphoma.  Journal  of  the  American  Academy  of  Dermatology .  1995;32(5,  Part  2):887-893. 


29 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


113.  Ronnblom  LE,  Aim  GV,  Oberg  KE.  Autoimmunity  after  Alpha-Interferon  Therapy  for 
Malignant  Carcinoid  Tumors.  Ann  Intern  Med.  199 1;115(3):178-183. 

1 14.  Aslan  M,  Nazligul  Y,  Aksoy  N,  Yilmaz  N.  A  Case  of  Hyperthyroidy  Developing  in 
“Pegylated- Interferon”  Therapy.  Digestive  Diseases  and  Sciences.  2007 ;52(5):  1194. 

1 15.  Harris  J,  Bines  S,  Das  Gupta  T.  Therapy  of  disseminated  malignant  melanoma  with 
recombinant  alpha  2b-interferon  and  piroxicam:  clinical  results  with  a  report  of  an  unusual 
response-associated  feature  (vitiligo)  and  unusual  toxicity  (diffuse  pulmonary  interstitial 
fibrosis).  Med  Pediatr  Oncol.  1994;22(2):  103-106. 

116.  Slingluff  C,  Petroni  G,  Yamshchikov  G,  et  al.  Clinical  and  immunologic  results  of  a 
randomized  phase  II  trial  of  vaccination  using  four  melanoma  peptides  either  administered  in 
granulocyte-macrophage  colony-stimulating  factor  in  adjuvant  or  pulsed  on  dendritic  cells.  J 
Clin  Oncol.  2003;21(21):4016  -  4026. 

1 17.  Esteva-Lorenzo  FJ,  Janik  JE,  Fenton  RG,  Emslie-Smith  A,  Engel  AG,  Longo  DL. 
Myositis  associated  with  interleukin -2  therapy  in  a  patient  with  metastatic  renal  cell  carcinoma. 
Cancer.  1995;76(7):  1219-1223. 

118.  Soni  N  MN,  Porter  M,  Caligiuri  MA.  Diabetes  mellitus  induced  by  low-dose  interleukin  - 
2.  Cancer  Immunol  Immunother.  1996;43(l):59-62. 

1 19.  Perez  R  PK,  Krigel  R,  Weiner  L.  Antierythrocyte  autoantibody  formation  after  therapy 
with  interleukin-2  and  gamma-interferon.  Cancer.  199 1  ;67(10):25 12-25 17. 

120.  Sauter  NP,  Atkins  MB,  Mier  JW,  Lechan  RM.  Transient  thyrotoxicosis  and  persistent 
hypothyroidism  due  to  acute  autoimmune  thyroiditis  after  interleukin-2  and  interferon- [alpha] 
therapy  for  metastatic  carcinoma:  A  case  report.  The  American  Journal  of  Medicine. 

1 992;92(4):44 1 . 

121.  Scalzo  S  GA,  Boccoli  G,  Masciulli  R,  Giannella  G,  Salvo  G,  Marolla  P,  Carlini  P, 
Massimini  G,  Holdener  EE.  Primary  hypothyroidism  associated  with  interleukin-2  and  interferon 
alpha-2  therapy  of  melanoma  and  renal  carcinoma.  Eur  J  Cancer.  1990;26(11-12):1 152-1 156. 

122.  Weber  LW,  Bowne  WB,  Wolchok  JD,  et  al.  Tumor  immunity  and  autoimmunity  induced 
by  immunization  with  homologous  DNA.  J  Clin  Invest.  1998;102(6):1258-1264. 

123.  Overwijk  WW,  Lee  DS,  Surman  DR,  et  al.  Vaccination  with  a  recombinant  vaccinia 
virus  encoding  a  "self"  antigen  induces  autoimmune  vitiligo  and  tumor  cell  destruction  in  mice: 
requirement  for  CD4(+)  T  lymphocytes.  Proc  Natl  Acad  Sci  USA.  1999;96(6):2982-2987. 

124.  Oscherwitz  J,  Gribbin  TE,  Cease  KB.  A  CD20  tandem-epitope  immunogen  elicits 
antibody  in  mice  that  binds  murine  cell  surface  CD20  and  depletes  splenic  B  cells  in  vivo.  Mol 
Immunol.  20 10;47 (7- 8):  1484-1491 . 

125.  Lo  Iacono  M,  Cavallo  F,  Quaglino  E,  et  al.  A  limited  autoimmunity  to  pl85neu  elicited 
by  DNA  and  allogeneic  cell  vaccine  hampers  the  progression  of  preneoplastic  lesions  in  HER- 
2/NEU  transgenic  mice.  Int  J  Immunopathol  Pharmacol .  2005;18(2):351-363. 

126.  Pupa  SM,  Iezzi  M,  Di  Carlo  E,  et  al.  Inhibition  of  mammary  carcinoma  development  in 
HER-2/neu  transgenic  mice  through  induction  of  autoimmunity  by  xenogeneic  DNA 
vaccination.  Cancer  Res.  2005;65(3):1071-1078. 

127.  Roskrow  MA,  Dilloo  D,  Suzuki  N,  Zhong  W,  Rooney  CM,  Brenner  MK.  Autoimmune 
disease  induced  by  dendritic  cell  immunization  against  leukemia.  Leukemia  Research. 
1999;23(6):549. 


30 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


128.  Ludewig  B,  Ochsenbein  AF,  Odermatt  B,  Paulin  D,  Hengartner  H,  Zinkemagel  RM. 
Immunotherapy  with  dendritic  cells  directed  against  tumor  antigens  shared  with  normal  host 
cells  results  in  severe  autoimmune  disease.  J  Exp  Med.  2000;191(5):795-804. 


31 


Table  1:  Immune- mediated  toxicities  associated  with  adoptive  immunotherapy  of  cancer 


Cell  type 

Species 

Target 

antigen 

Tumor 

Toxicities 

References 

CTL 

Pnma-1 

Paraneoplastic 
syndrome  (rat) 

CNS  inflammation 

so 

CTL 

Recoverin 

Fibrosarcoma 

Retinal  dysfunction 

81 

CTL  with  IL-2  and 
vaccine 

Various 

Melanoma 

Melanocyte  destruction,  ocular 
toxicity 

8,82 

CD4+  T  cells 

TRP-1 

Melanoma 

Vitiligo 

83,84 

Immune  T  cells 

Mouse  (or 
rat) 

CEA 

Colon 

Colitis 

85 

Transgenic  T  cells 

Telomerase 

Prostate 

Reduction  in  B  cells 

86 

TCR  transgenic  T  cells 

Various 

None 

Pacreatitis,  colitis 

11 

CAR-modified  T  cells 

CD19 

Lymphoma 

Depletion  of  normal  B  cells 

87,88 

CAR-modified  T  cells 

VEGF-R2 

Various 

Various  organs,  likely  due  to 
cytokine-induced  hypotension 

89 
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TIL  &  IL-2 

various 

Melanoma 

Autoimmune  thyroiditis, 
systemic  and  ocular 
autoimmunity 

90-92 

TIL  with 

lymphodepletion  and  IL- 
2 

various 

Melanoma 

Vitiligo,  uveitis 

9,93 

CTL 

MART-1 

Melanoma 

Melanocyte  destruction 

94 

TCR  gene  modified  T 
cells 

Human 

MART-1, 

gplOO 

Melanoma 

Melanocyte  destruction 

10 

CAR  modified  T  cells 

CAIX 

Renal  cell  carcinoma 

Liver  toxicity  (grade  2-4)  3/7 
patients;  lower  grade  in  4/7  with 
reduced  dosing 

14 

CAR-modified  T  cells 

CD19 

Lymphoma 

B  cell  depletion 

15 

CAR-modified  T  cells 

Her- 2 

Colorectal  cancer 

Lung  toxicity 

17 

CAR-modified  T  cells 

CEA 

Colorectal  cancer 

Colitis 

19 
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Table  2.  Immune-mediated  toxicities  associated  with  antibody  therapy  of  cancer 


Antibody  regimen 

Target 

antigen 

Cancer  type 

Toxicities 

References 

Ipilimumab 

CTLA-4 

Hodgkin’s  disease,  myeloma, 
AML,  CML,  CLL,  NHL 

Arthritis,  hyperthyroidism,  pneumonitis 

29 

Ipilimumab 

CTLA-4 

Melanoma 

Colitis,  bowel  perforation,  vitiligo,  hypophysitis 

33 

Tremelimumab  or 
ipilimumab 

CTLA-4 

Melanoma 

Colitis,  dermatitis 

30.32.95 

Anti-CTLA-4  +  TAA 
peptides 

CTLA-4 

Melanoma 

Colic,  dermatitis,  uveitis,  enterocolitis,  hepatitis, 
hypophysitis,  vitiligo,  pulmonary  leukocyte 
infiltration 

28,96-99 

Anti-CTLA-4  (with  vaccines 
and  cytokines) 

CTLA-4 

Melanoma  (mouse  and  human) 

Melanocyte  destruction,  enteritis 

31,100-102 

Anti-CTLA-4,  irradiated 
tumor  cells,  GM-CSF 

CTLA-4 

C2  prostate  cancer  (mouse) 

Prostatitis,  destruction  of  prostate  epithelium 

103 

MDX-1106 

PD-1 

Melanoma,  RCC,  NSCLC, 
prostate 

Colitis 

34 

Alemtuzumab 

CD52 

Chronic  lymphocytic  leukemia 

Destruction  of  normal  leukocytes,  leading  to 
susceptibility  to  infections 

42,44,104 

Gemtuzumab 

CD33 

Acute  myeloid  leukemia 

Infection,  sepsis,  pneumonia 

36-38 

Rituxumab 

CD20 

Lymphoma 

Suppression  of  B  cells  leading  to  deficiency  in 
immunoglobulin  and  infections 

49,105-107 

34 


From  bloodjournal.hematologylibrary.org  at  Roger  Williams  Medical  Center  on  June  1 3,  201 1 .  For  personal  use  only. 


Table  3.  Autoimmunity  associated  with  cytokine  administration  in  cancer  in  humans 


Cytokine  administered 

Cancer  Targeted 

Autoimmune  events 

References 

IFN-a 

Chronic  myeloid  leukemia 

Thyroditis,  sarcoidosis,  systemic  lupus 
erythmatosis  associated  with  auto-antibodies, 
autoimmune  thromobocytopenic  purpura,  acute 
pancreatitis,  hyperthyroidism,  aggravation  of 
psoriasis 

51.108-111 

IFN-a 

Cutaneous  T  cell  lymphoma 

Psoriasis 

112 

IFN-a 

Mid-gut  carcinoid  tumors 

Systemic  lupus  erythmatosis,  pernicious 
anaemia,  thyroid  disease 

113 

IFN-a2b 

Melanoma 

Hypothyroidism 

114 

IFN-a2b  and  piroxicam 

Melanoma 

Vitiligo,  pulmonary  interstitial  fibrosis 

115 

GM-CSF  with  gplOO  and 
tyrosinase  peptides 

Melanoma 

Vitiligo 

116 

IL-2 

Renal  cell  carcinoma 

Hypothyroidism,  myasthenia  gravis,  diabetes 
mellitus  (insulin  dependent)  and  myositis 

62-64,117 

IL-2 

Melanoma 

Vitiligo 

67 

IL-2 

Colorectal  cancer 

Diabetes  mellitus 

118 

IL-2  and  IFN-y 

Renal  cell  carcinoma 

Auto-antibodies  against  erythrocytes 

119 

IL-2  and  IFN-a2b 

Renal  cell  carcinoma, 
melanoma 

Anti-thyroid  antibodies,  hypothyroidism, 
autoimmune  thyroiditis 

63,120,121 
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Table  4.  Autoimmunity  associated  with  cancer  vaccines 


Vaccine 

Malignancy  (species) 

Autoimmune  events 

References 

TRP-1  encoded  by  virus 

Melanoma  (mouse) 

Vitiligo 

122,123 

CD20  +  adjuvant 

Lymphoma  (mouse) 

Depletion  of  normal  B  cells 

124 

Her-2  encoded  by  plasmids 

Breast  cancer  expressing  Her-2 
(mouse) 

Impaired  lactation, 

accelerated  involution  of  mammary  gland 

125,126 

DC  (peptide  pulsed) 

CD40  &  IL-2  (fibroblasts) 

Lymphoblastic  leukaemia 
(mouse) 

Systemic  autoimmunity,  immunity  against 
fibroblasts,  hepatomegaly,  splenomegaly  fur  loss, 
cachexia, 

127 

DC  (peptide-pulsed)  (3-gal  and 
LCMV  model  antigens 

EL-4  thymoma  (mouse) 

Diabetes,  myocarditis 

128 

Pulsed  DCs  or  tumor  cells  and 
either  GM-CSF  and  adjuvant  or 
GM-CSF,  adjuvant  and 
peptides 

Melanoma  (human) 

Vitiligo,  diabetes,  thyroiditis,  ocular  toxicity 

69 
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Figure  legends 

Figure  1.  Immune  toxicity  associated  with  immunotherapy  of  cancer.  Therapeutic  strategies 
including  vaccines,  adoptive  immunotherapy,  cytokines  and  antibodies  can  induce  immunity  against 
tumor  antigens.  However,  these  immune  responses  can  also  cause  damage  to  a  variety  of  organ  systems 
as  shown. 

Figure  2.  Mechanisms  of  immune  toxicity  associated  with  immunotherapy.  (1)  The  delivery  of 
exogenous  antibody  specific  for  TAA  expressed  on  both  tumor  and  normal  tissue  can  result  in  damage 
to  normal  tissue  mediated  by  complement  or  ADCC  mediated  by  innate  immune  cells  such  as 
macrophages.  (2)  Similarly,  transfer  of  TAA-specific  T  cells  can  lead  to  destruction  of  normal  tissue  if 
the  TAA  is  also  expressed  on  cells  of  normal  tissue.  (3)  Alternate  ways  of  inducing  immune  reactivity 
towards  normal  tissue  include  dysregulation  of  normal  immune  homeostasis  using  anti-CTLA-4, 
resulting  in  expansion  of  self-reactive  T  cells.  (4)  It  is  also  possible  that  induction  of  immunity  to  tumor 
cells  could  lead  to  epitope  spreading  whereby  T  cells  reactive  with  self  antigens  are  generated. 
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Is  It  Safer  CARs  That 
We  Need,  or  Safer  Rules 
of  the  Road? 

To  the  editor: 

The  recent  deaths  with  chimeric  antigen 
receptor-modified  T  cells  (“T-bodies,” 
“designer  T  cells”)  have  been  a  wake- 
up  call  for  all  of  us  to  the  potential  for 
toxicity  of  these  therapies.1,2  This  follows 
on  a  previous  report  of  hepatotoxicity 
from  anti-G250  designer  T  cells  that  did 
not  result  in  deaths.3  In  the  April  2010 
issue  of  Molecular  Therapy,  Dr.  Heslop 
wrote  an  excellent  Commentary  on  the 
application  of  these  cells  and  potential 
means  to  improve  their  safety.4  Some 
additional  thoughts  may  be  warranted 
that  go  beyond  the  issues  of  target  safety. 
In  particular,  two  points  could  be  made: 
(i)  components  useful  for  expanding 
tumor-infiltrating  lymphocytes  (TILs) 
and  first-generation  designer  T  cells 
(i.e.,  lymphodepletion  and  engraftment) 
may  be  unwarranted  for  newer,  second- 
generation  agents,  and  (ii)  initial  patient 
exposures  for  these  new  agents  are 
most  safely  initiated  at  lower  levels  for 
untested  antigens. 

The  major  focus  of  preclinical 
research  over  the  past  decade  has  been 
to  improve  designer  T-cell  “quality”  by 
supplementing  with  signals  that  co-opt 
components  of  the  interaction  between 
antigen-presenting  cells  and  T  cells.5 
Like  TILs,  first-generation  designer  T 
cells  with  signal  1  provided  antitumor 
cytotoxicity  for  a  limited  time  but  ulti¬ 
mately  succumbed  to  activation-induced 
cell  death  (AICD)  or  passed  to  a  resting, 
anergic  state.  In  contrast,  the  advanced 
second-generation  agents  in  these  studies 
added  one  or  more  costimulatory  signals 
to  obtain  signal  1+2  that  conferred  a  new 
potential  to  respond  to  antigen  with  pro¬ 
liferation  and  sustained  cytotoxicity,  with 
escape  from  AICD  and  resistance  to  regu¬ 
latory  T-cell  suppression.  Consequently, 
even  a  few  T  cells  trafficking  into  tumor 
had  the  potential  to  respond  selectively  to 
antigen  with  local  intratumoral  expansion 
until  tumor  elimination.  The  applica¬ 
tion  of  lymphodepletion6  before  T-cell 
infusion  vastly  increases  T-cell  “quantity,” 


superimposing  a  nonselective  and  systemic 
expansion  (“engraftment”)  on  these  agents 
that  were  designed  not  to  need  it. 

From  the  details  presented,  it  is 
likely  that  the  CD  19  death  was  not  due 
to  T-cell  toxicity  but  rather  to  a  recog¬ 
nized  complication  of  the  conditioning 
regimen,1  a  reminder  that  conditioning, 
integral  to  engraftment  strategies,  is 
not  a  benign  intervention.  In  contrast, 
the  Her2  death  appears  to  have  been 
the  result  of  on-target  toxicity  against 
normal  tissues  (lung,  bowel,  heart)  pre¬ 
viously  known  to  express  antigen.2  This 
is  reminiscent  of  the  G250  study  with 
toxicity  from  limited  doses  of  designer 
T  cells  by  infusion,3  but  in  the  Her2  case 
not  reversible  by  steroids  due  to  the  vast 
numbers  of  Her2  self-reactive  T-cells  in 
the  engraftment  setting  and  the  vigor  of 
second-generation  design. 

The  most  instructive  clinical  parallel 
is  that  of  donor  lymphocyte  infusion 
(DLI)  in  allo-bone  marrow  transplan¬ 
tation  settings.  Patients  are  engrafted 
with  T  cell-depleted  marrow  to  create  a 
chimeric  state  of  donor  and  host  toler¬ 
ance,  whereupon  small  numbers  (<109) 
of  allo-donor  T  cells  are  subsequently 
infused.  With  a  fully  competent  allo- 
immune  reaction,  these  exposures  of 
allo-T  cells  can  be  safely  managed  with 
a  balance  of  graft-versus-host  reaction 
and  antitumor  benefit.7,8  In  this,  we 
know  that  size  of  dose  matters:  too  high 
a  DLI  dose  kills.  Translated  to  second- 
generation  designer  T  cells,  infusions 
under  a  graded  dose-escalation  plan 
should  allow  recognition  of  on-target 
autoimmune  toxicities  before  grade  V 
(death)  in  the  same  way  that  DLIs  are 
“tuned,”7  where  high  doses  (as  in  en¬ 
graftment)  may  be  lethal. 

In  line  with  phase  I  goals,  we  seek 
means  to  safely  increment  patient 
exposures  while  advancing  therapeutic 
aims.  In  contrast  to  the  natural  targets 
for  TILs  that  were  extensively  vetted 
for  safety  via  infusions  before  the  first 
engraftment  was  ever  tried,  the  tar¬ 
gets  of  designer  T  cells  are  artificially 
selected  and  may  be  unsafe — especially 
for  second-generation  agents  with  their 
powerful  engines  for  self-perpetuation 
under  incorporated  costimulation — 


thus  warranting  a  cautious  exposure. 
Accordingly,  safety  testing  could  be 
pursued  via  simple  infusions,  employing 
lower  starting  doses  (perhaps  10s  or  109 
cells)  in  line  with  DLI  dosing  protocols.7 
The  G250  on-target  toxicities  were  rec¬ 
ognized  early  and  safely  in  exactly  such 
a  dose-escalation  infusion  protocol;  the 
system  worked:  no  one  died.3  Engraft¬ 
ment,  by  contrast,  leads  to  much  higher 
exposures  that  can  be  hard  to  project, 
with  on-target  toxicities  that  can  be  hard 
to  control,  as  in  the  Her2  death.2 

In  terms  of  efficacy,  there  is  as  yet  no 
proof  that  any  of  the  second-generation 
designer  T  cells,  with  their  incorpo¬ 
rated  costimulation  signals,  even  need 
engraftment,  a  procedure  devised  in 
response  to  deficiencies  of  signal  1-only 
T  cells  (e.g.,  TILs).  The  first  studies  with 
second-generation  signal  1+2  designer  T 
cells  under  infusion  protocols  have  just 
gotten  under  way,  and  it  is  too  early  to 
infer  either  sufficiency  or  deficiency  of 
any  existing  second-generation  reagents 
to  eliminate  tumors  without  systemic 
engraftment.  Accordingly,  it  is  plau¬ 
sible  by  this  conception  that  a  DLI-type 
infusion  dose  escalation  could  still  be 
productive  for  Her2  targeting  with 
this  advanced  agent,  with  a  margin  for 
antitumor  benefit  and  safety,  although 
the  engraftment  death  may  have  the 
regrettable  result  of  impeding  this  path. 

In  the  end,  I  believe  that  these  new 
agents  merit  new  thinking,  taking  a  step 
back  from  engrafting  to  permit  them  to 
reveal  the  potential  they  were  designed  for. 
T  cells  engaged  by  antigen-presenting  cell 
costimulation  eliminate  infections  with 
very  few  starting  cognate  effectors,  and 
when  we  have  successfully  adopted  those 
features  into  our  engineering,  I  believe 
that  we  will  likewise  be  able  to  eliminate 
cancers  as  efficiently,  without  engraft¬ 
ment.  The  proposed  infusion  escalations 
can  be  performed  intrapatient,  so  that  a 
personalized,  optimally  “tuned”  dose  can 
be  delivered  in  the  manner  of  DLL  But 
where  infusions  with  these  more  advanced 
reagents  are  proven  therapeutically  inad¬ 
equate  at  full  doses  (e.g.,  1011  cells  with 
cytokine  support)  and  safe,  then  engraft¬ 
ment,  with  its  higher  cost  and  hazard,  is  a 
justifiable  next  step  in  the  risk  escalation.9 
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Finally,  if  a  designer  T  cell  is  fully  escalated 
under  simple  infusions,  in  which  suicide 
genes  are  generally  not  needed,  then  a 
suicide  gene  suggested  for  engraftment4  is 
also  not  needed  if  proceeding  to  this  step, 
because  safety  of  the  target  will  have  been 
established. 
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The  successful  ex  vivo  expansion  of  a  large  numbers  of  T  cells  is  a  prerequisite  for  adoptive  immunotherapy.  In  this  study,  we 
found  that  cell  density  had  important  effects  on  the  process  of  expansion  of  T  cells  in  vitro.  Resting  T  cells  were  activated  to 
expand  at  high  cell  density  but  failed  to  be  activated  at  low  cell  density.  Activated  T  cells  (ATCs)  expanded  rapidly  at  high  cell 
density  but  underwent  apoptosis  at  low  cell  density.  Our  studies  indicated  that  low-cell-density  related  ATC  death  is  mediated 
by  oxidative  stress.  Antioxidants  N-acetylcysteine,  catalase,  and  albumin  suppressed  elevated  reactive  oxygen  species  (ROS)  levels 
in  low-density  cultures  and  protected  ATCs  from  apoptosis.  The  viability  of  ATCs  at  low  density  was  preserved  by  conditioned 
medium  from  high-density  cultures  of  ATCs  in  which  the  autocrine  survival  factor  was  identified  as  catalase.  We  also  found 
that  costimulatory  signal  CD28  increases  T  cell  activation  at  lower  cell  density,  paralleled  by  an  increase  in  catalase  secretion. 
Our  findings  highlight  the  importance  of  cell  density  in  T  cell  activation,  proliferation,  survival  and  apoptosis  and  support  the 
importance  of  maintaining  T  cells  at  high  density  for  their  successful  expansion  in  vitro. 


1.  Introduction 

T  cells  are  a  critical  component  of  the  cellular  immune 
response.  In  the  past  two  decades,  adoptive  transfer  of 
tumor  reactive  T  cells  into  cancer  patients  has  been  created 
as  an  immunotherapy  method  to  combat  cancer  [1].  This 
includes  the  early  studies  with  lymphokine-activated  killer 
(LAK)  cells  derived  from  ex  vivo  amplification  of  autologous 
lymphocytes  with  interleukin-2  (IL-2),  late  studies  with 
tumor  infiltrating  lymphocytes  (TILs)  isolated  from  tumor 
specimens,  and  recent  studies  with  genetically  modified 
tumor  reactive  T  cells  [2].  The  prerequisite  for  the  success 
of  adoptive  immunotherapy  relies  on  the  successful  ex  vivo 
expansion  of  a  large  amount  of  T  cells  (up  to  1011). 

The  ex  vivo  expansion  of  T  cells  for  adoptive 
immunotherapy  usually  involves  two  phases.  The  first  phase 
is  T  cell  activation,  in  which  resting  T  cells  are  activated 
with  anti-CD3  antibody  or  plus  anti-CD28  antibody 


supplemented  with  IL-2.  The  second  phase  is  activated  T  cell 
(ATC)  proliferation.  After  activation,  resting  T  cells  become 
ATCs  and  undergo  vigorous  cell  proliferation  for  about  two 
to  three  weeks  and  the  ATCs  lose  their  proliferation  capacity 
in  about  four  weeks.  Maintaining  high  cell  density  has  been 
considered  important  among  investigators  performing  ex 
vivo  T  cell  expansions  for  clinical  therapeutic  applications. 
This  report  addresses  formally  the  basis  for  this  observation. 

Cell  density  has  been  reported  to  be  an  important  factor 
in  maintaining  certain  T  and  B  cells  in  vitro.  Resting  T 
cells  die  rapidly  by  apoptosis  when  cultured  under  diluted 
conditions  but  survive  for  extended  periods  when  cultured 
at  high  cell  density  [3].  This  effect  was  found  to  be  mediated 
by  soluble  factors  and  independent  of  integrin-mediated 
signals.  An  acute  T-lymphocytic  leukemia  cell  line,  CCRF- 
CEM,  was  reported  to  display  a  cell  density-dependent 
growth  characteristic  [4].  CEM  cells  grow  well  at  cell  density 
>2  x  105  cells  per  mL,  but  at  low  cell  densities  the 
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cultures  rapidly  undergo  apoptosis.  The  viability  of  low- 
density  CEM  cells  could  be  preserved  by  supplementing  with 
“conditioned”  medium  from  high-density  CEM  cultures. 
Catalase  was  identified  as  the  active  component  in  the 
conditioned  medium.  B  cell  chronic  lymphocytic  leukemia 
(CLL)  was  reported  to  be  dependent  on  cell  density  for 
surviving  in  cultures  [5].  CLL  cells  survival  was  strongly 
enhanced  at  high  cell  density.  Conditioned  medium  from 
high  cell  density  CLL  cells  produced  a  marked  increase  in  the 
viability  of  low  cell  density  autologous  cells.  Again,  autocrine 
catalase  was  identified  as  the  survival  factor  in  the  high  cell 
density  cultures. 

Reactive  oxygen  species  (ROS)  have  been  shown  to 
contribute  to  the  death  of  CEM  cells  and  CLL  cells  at  low  cell 
density  [4,  5].  ROS  are  highly  reactive  metabolites  that  are 
generated  during  normal  cell  metabolism.  Intracellular  ROS 
derive  mainly  from  leakage  of  electrons  from  mitochondrial 
electron  transport  chains  that  reduce  molecular  oxygen 
to  superoxide  ions.  Cells  possess  antioxidant  systems  to 
control  their  redox  state,  to  reduce  oxidative  stress  and  to 
maintain  cell  survival  [6].  Superoxide  ions  are  converted 
to  hydrogen  peroxide  (H2O2)  by  the  action  of  Cu2+/Zn2+- 
dependent  or  Mn2+ -dependent  superoxide  dismutases,  and 
H2O2  is  then  detoxified  by  catalase  or  glutathione  perox¬ 
idase.  H2O2  can  also  react  in  vivo  to  generate  the  highly 
damaging  hydroxyl  radical  by  the  Fe2+ -dependent  Fenton 
reaction  or  the  Fe2+ -catalyzed  Haber-Weiss  reaction  [6,  7]. 
At  subtoxic  levels,  ROS  may  play  an  essential  signaling 
role  in  cell  growth  and  differentiation  [8-11].  At  elevated 
levels,  however,  intracellular  ROS  are  sufficient  to  trigger 
cell  death  [12-16].  Antioxidants  that  limit  ROS-induced 
cell  damage  can  suppress  apoptosis  in  many  systems.  For 
example,  N- acetylcysteine  (NAC),  which  elevates  intracellu¬ 
lar  glutathione  levels,  delays  activation-induced  cell  death  of 
a  T  cell  hybridoma  [17].  NAC  or  the  iron  chelator  pyrrolidine 
dithiocarbamate  (PDTC)  or  enforced  expression  of  Mn2+- 
dependent  superoxide  dismutase  inhibits  apoptosis  induced 
by  TNF-a  which  can  stimulate  ROS  production  [18-21]. 
Similarly,  cell  death  through  oxidative  mechanisms  has  been 
shown  to  be  opposed  by  protein  albumin  at  physiologic 
concentrations  directly  by  scavenging  for  free  oxygen  radicals 
through  the  free  cysteinyl  sulfhydryl  moiety  and  indirectly  by 
maintaining  the  reduced  state  of  cellular  proteins  [22-24]. 

ROS  have  also  been  shown  to  be  the  decisive  contributors 
to  the  death  of  activated  T  cells  (ATCs)  [25-28].  First,  the 
ATCs  have  increased  levels  of  ROS  [25,  26,  29-31].  Second, 
ATC  death  is  prevented  by  manganese  (III)  tetrakis  (5, 10, 15, 
20-benzoic  acid)  porphyrin  (MnTBAP),  an  antioxidant  that 
has  been  shown  to  inhibit  ROS-induced  death  in  different 
types  of  cells  [25].  Evidence  shows  that  ROS  lead  to  ATC 
death  by  at  least  two  pathways,  one  mediated  by  caspase 
activation  and  subsequent  proteolytic  cellular  disintegration 
and  the  other  driven  by  ROS  themselves  [25]. 

While  cell  density  has  been  found  to  be  important  for  the 
survival  of  resting  T  cell  and  certain  but  not  all  leukemic  T 
and  B  lines,  it  remains  unclear  if  normal  T  cells  behave  in  a 
cell  density-dependent  manner  during  T  cell  expansion.  In 
this  study,  we  confirm  a  critical  role  of  cell  density  in  resting 
T  cell  activation  and  ATC  expansion.  We  found  that  resting 


T  cells  need  to  be  kept  at  high  cell  density  for  optimized 
activation  and  ATCs  need  to  be  kept  at  high  cell  density 
for  optimized  expansion.  We  show  that  the  cell  density- 
related  ATC  apoptosis  is  triggered  by  oxidative  stress  that  is 
in  turn  opposed  by  the  secretion  of  an  autocrine  survival 
factor,  mainly  catalase:  at  high  cell  density,  more  catalase 
accumulates  in  the  medium  and  opposes  the  oxidative 
apoptosis.  Further,  we  confirm  the  antioxidant  activity  of 
added  NAC  or  of  serum  albumin  at  high  concentrations 
that  protects  ATCs  from  apoptosis  when  cultured  at  low  cell 
density. 

2.  Materials  and  Methods 

2.1.  Reagents.  N-acetylcysteine  (NAC),  catalase,  and  3'- 
amino-l,2,4-triazole  (ATZ)  were  purchased  from  Sigma 
Chemical  (St  Louis,  MO,  USA).  Fluman  serum  albumin  was 
from  Bayer  Corporation  (Elkhart,  IN,  USA). 

2.2.  Cell  Purification,  Activation,  and  Culture.  Peripheral 
blood  mononuclear  cells  (PBMCs)  were  isolated  from 
venous  blood  from  healthy  adults  by  centrifugation  over 
Histopaque-1083  (Sigma).  For  resting  T  cells  activation 
study,  PBMCs  were  cultured  in  6-well  plates  in  different 
cell  densities  and  were  activated  in  serum-free  AIM  V 
media  (Gibco,  Gaithersburg,  MD,  USA)  supplemented  with 
lOOU/ml  IL-2,  lOOng/mL  mouse  antihuman  CD3  anti¬ 
body  OKT3  (Ortho  Biotech,  Raritan,  NJ,  USA)  only  or 
with  the  addition  of  lOOng/mL  mouse  antihuman  CD28 
antibody  mAb9.3  (gift  from  Dr.  Carl  H.  June,  University 
of  Pennsylvania,  Philadelphia,  PA,  USA).  For  preparation 
of  ATCs,  PBMCs  were  activated  at  1  X  106/mL  cells  in 
serum-free  AIM  V  media  supplemented  with  100  U/ml  IL-2, 
100  ng/mL  OKT3  in  75  cm2  flasks  for  3  days.  ATCs  were  then 
washed  and  cultured  in  the  AIM  V  medium  supplemented 
with  100  U/mL  IL-2  for  an  additional  7  days  before  use  in 
experiments. 

2.3.  Monitor  of  T  Cell  Activation  and  Cell  Division.  Accom¬ 
panied  with  T  cell  activation,  there  is  a  significant  cell  size 
enlargement  from  resting  T  cells  to  ATCs,  with  cytokines 
such  as  IL-2  and  IFN-y  production  and  surface  molecules 
such  as  CD69  and  CD25  expression.  ATCs  can  be  distin¬ 
guished  from  resting  T  cells  and  other  types  of  PBMCs 
as  the  enlargement  in  forward-angle  light  scatter  (FS)  by 
flow  cytometric  analysis  and  it  is  identical  with  CD69  or 
CD25  staining.  T  cell  activation  was  monitored  by  counting 
the  percent  of  ATCs  in  the  culture  by  flow  cytometer 
and  confirmed  with  microscope.  To  monitor  cell  division, 
ATCs  were  labeled  with  1  /aM  carboxy-fluorescein  diacetate 
succinimidyl  diester  (CFSE)  (Molecular  Probes,  Eugene,  OR, 
USA)  [32]  and  cultured  for  6  days.  Cells  were  harvested  and 
cell  division  was  analyzed  by  the  dilution  of  CFSE  in  the 
daughter  cells  by  flow  cytometer. 

2.4.  Detection  of  Apoptosis.  ATC  apoptosis  was  determined 
by  cell  shrinkage  and  DNA  cleavage.  Cell  viability  of  ATCs 
was  analyzed  by  flow  cytometry  [5,  33,  34].  Cell  shrinkage 
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accompanying  ATC  apoptosis  was  detected  as  a  reduction  in 
forward-angle  light  scatter  (FS)  by  flow  cytometric  analysis. 
Agarose  gel  electrophoresis  was  used  to  detect  internucleoso- 
mal  cleavage  fragments  of  DNA  following  apoptosis  [4,  35]. 
2  X  106  cells  were  pelleted  and  resuspended  in  500  of 
ice-cold  lysis  buffer  (20 mM  Tris-HCl,  10 mM  EDTA,  and 
0.2%  Triton  X-100,  pH  7.4).  Proteinase  K  was  added  at 
lOO^g/mL  and  incubated  at  50  °C  overnight,  followed  by 
further  incubation  at  37° C  for  2  hours  with  the  addition 
of  RNase.  DNA  was  extracted  twice  with  phenol/chloroform 
at  1 : 1  and  precipitated  with  isopropanol.  The  DNA  was 
electrophoresed  through  a  1%  agarose  gel  and  stained  with 
ethidium  bromide. 

2.5.  Measurement  of  Intracellular  Oxidative  Stress.  Cells  were 
gently  resuspended  in  10/rM  dihydrorhodamine  123  (DHR) 
(Molecular  Probes)  and  incubated  for  30  minutes  and  then 
analyzed  by  flow  cytometry  [5,  7].  The  level  of  intracellular 
ROS  was  inferred  from  the  mean  fluorescence  intensity 
(MFI)  of  DHR-stained  cells.  Dead  cells  and  debris  were 
excluded  from  analysis  by  electronic  gating  of  forward  and 
side  scatter  measurements. 

2.6.  Generation  of  Conditioned  Medium.  Cells  were  cultured 
at  1  X  106/mL  (ATCs)  or  confluent  (MIP101  cells,  a  human 
colon  carcinoma  cell  line)  in  75  cm2  flasks.  After  2  days  in 
culture,  the  conditioned  medium  (CM)  was  removed  from 
the  culture  flasks  and  centrifuged  at  1500  rpm  for  10  minutes. 
The  CM  was  then  passed  through  a  sterile  0.45  [c m  filter. 

2.7.  Detection  of  Catalase.  Detection  of  catalase  was  per¬ 
formed  by  western  blot  and  dot  blot.  For  western  blot, 
control  medium,  ATCs  CM,  and  cell  lysates  from  ATCs 
were  run  on  12%  sodium  dodecyl  sulfate-polyacrylamide 
gel  electrophoresis  (SDS-PAGE)  gels  and  electrotransferred 
to  nitrocellulose  membranes.  For  dot  blot,  1 00  uf  culture 
medium  from  untreated,  anti-CD3  activated  and  anti-CD3 
plus  anti-CD28  activated  PBMCs  were  blotted  on  to  nitro¬ 
cellulose  membrane  by  using  a  dot  blot  apparatus  (Bio-Rad, 
Hercules,  CA,  USA).  The  membranes  were  blocked  with  5% 
nonfat  dry  milk  in  Tris-buffered  saline  (20  mM  Tris/500  mM 
NaCl,  pH  7.5)  for  1-2  hours.  Membranes  were  washed  with 
TTBS  (0.05%  Tween-20  in  Tris-buffered  saline),  and  mouse 
antihuman  catalase  mAb  antibody  (Sigma)  was  added  at 
a  dilution  of  1 : 1000  for  1  hour,  followed  by  incubation 
with  HRP-conjugated  goat  antimouse  IgG  antibody  at  a 
dilution  of  1 : 1000  for  1  hour,  all  in  1%  non-fat  dry  milk 
in  TTBS.  The  membrane  was  developed  with  enhanced 
chemiluminescence  reagent  (Amersham,  England,  UK)  and 
exposed  to  X-ray  film  for  5-60  seconds. 

2.8.  Detection  of  Intracellular  Albumin.  Analysis  of  intra¬ 
cellular  albumin  was  performed  using  immunofluorescence 
and  flow  cytometry.  Cells  were  fixed  and  permeabilized  with 
a  Fix  &  Perm  kit  (Caltag  Laboratories,  Burlingame,  CA,  USA) 
and  then  stained  with  mouse  antihuman  albumin  (Sigma), 
followed  by  staining  with  a  secondary  goat  antimouse  FITC- 
conjugated  antibody  (Caltag  Laboratories). 


3.  Results 

The  objective  of  this  study  was  to  determine  the  role  of  cell 
density  in  ex  vivo  expansion  of  T  cells.  To  mimic  the  actual 
situation  in  preparation  for  clinical  applications,  resting  T 
cells  were  not  further  purified  from  the  bulk  PBMCs  in 
the  experiments.  Typically,  PBMC  are  composed  of  50- 
70%  T  cells,  and  smaller  numbers  of  B  cells,  NK  cells,  and 
monocytes. 

3.1.  Cell  Density  Determines  the  Fate  of  T  Cells  Activation. 
Efficient  activation  of  resting  T  cells  requires  signal  1  (TCR, 
CD3)  and  signal  2  (CD28)  costimulation  [36].  Activation  of 
T  cells  through  soluble  OKT3  (anti-CD3)  antibody  depends 
on  crosslinking  of  the  antibody  through  Fc  receptor  on 
monocytes  present  in  PBMCs  preparations  that  also  provide 
costimulation  through  B7  to  CD28  on  the  T  cells  [37]. 
Typically,  PBMCs  cell  concentrations  of  at  least  1  X  106/mL 
are  specified  for  this  T  cell  activation.  At  lower  cell  densities, 
the  opportunities  for  cell-cell  contact  are  diminished  and 
activation  is  incomplete  or  absent. 

This  is  confirmed  in  our  results.  Following  activation 
with  OKT3  and  IL-2  at  1  x  106  cells/mL  for  6  days,  61%  of 
cells  in  the  culture  showed  a  T  blastic  morphology  by  flow 
cytometry  versus  23%,  9%,  and  8%  for  the  lower  PBMCs 
densities  of  1  x  105,  1  x  104  and  1  x  103/mL,  respectively 
(Figure  1).  At  an  intermediate  T  cell  density  of  1  X  105/mL, 
addition  of  an  agonist  anti-CD28  antibody  that  bypasses 
need  for  B7  on  monocytes  partially  compensates  for  the 
reduced  cell  contacts,  doubling  the  activated  fraction  from 
23%  to  47%.  At  the  lowest  cell  densities,  this  maneuver  was 
not  effective  and  at  the  highest  it  was  unnecessary,  where 
the  activated  phenotype  was  maximal  with  OKT3  alone.  At 
higher  density,  there  are  more  chances  of  cell  contacts  and 
B7-CD28  interactions,  and  costimulation  is  maximal  with¬ 
out  added  anti-CD28  antibody.  Such  maximally  activated  T 
cells  (ATC)  were  applied  throughout  this  study. 

As  analyzed  by  flow  cytometry  from  one  typical  exper¬ 
iment,  the  PBMCs  isolated  from  normal  human  blood 
were  57.2%  CD3+,  38.8%  CD4+,  21.6%  CD8+,  0.37% 
CD4+CD8+,  39.2%  CD4-CD8-,  49.8%  CD28+,  53.6% 
CD2+,  and  60.6%  CDlla+.  After  3  days  activation  with 
OKT3  and  expansion  for  7  days  (total  10  days),  the  cell 
populations  were  99.7%  CD3+,  81.7%  CD4+,  15.6%  CD8+, 
1.9%  CD4+CD8+,  0.76%  CD4-CD8-,  99.4%  CD28+, 
99.5%  CD2+,  and  100%  CD1  la+.  Such  10-day  cultures  were 
used  in  the  ATC  studies  that  follow. 

3.2.  ATCs  Proliferate  at  High  Cell  Density.  To  examine  the 
relation  between  cell  density  and  ATC  proliferation,  T  cells 
were  activated  under  high  density  conditions  as  in  Section  3.1 
and  then  reseeded  at  varying  cell  densities  and  monitored 
over  time  for  viable  cell  numbers.  There  was  a  progressive 
increase  in  the  number  of  viable  cells  when  ATCs  were 
cultured  at  1  x  105/mL,  but  a  progressive  decline  in  viable 
cells  when  ATCs  were  cultured  at  1 X  104/mL.  After  6  days,  the 
number  of  viable  ATCs  increased  340%  when  cultured  at  1  X 
105/mL  but  decreased  by  75%  when  cultured  at  1  x  104/mL 
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Figure  1:  Cell  density  determines  the  fate  of  T  cell  activation. 
PBMCs  cultured  at  different  cell  densities  in  6-well  plates  were 
activated  with  anti-CD3  antibody  alone  or  plus  anti-CD28  antibody 
in  the  presence  of  IL-2.  T  cell  activation  was  measured  as  percentage 
of  activated  T  cells  in  culture  after  six  days  of  activation  by 
morphological  criteria  of  T  cell  blasts  on  flow  cytometer.  Similar 
results  were  obtained  in  two  independent  experiments. 


(Figure  2(a)).  Furthermore,  when  measuring  dividing  cells 
by  CFSE,  68%  of  ATCs  underwent  division  when  cultured  at 
1  X  105/mL,  35%  at  1  X  104/mL,  and  only  15%  at  1  x  103/mL 
(Figure  2(b)).  These  results  establish  a  correlation  between 
cell  density  and  ATC  expansion  in  vitro. 

3.3.  ATCs  Undergo  Apoptosis  at  Low  Cell  Density.  To  examine 
the  relation  between  cell  density  and  cell  viability,  ATCs 
cultured  at  different  cell  densities  were  evaluated  after 
24  hours.  A  condensed  cell  size  by  morphology  on  flow 
cytometry  has  been  shown  to  correlate  with  apoptosis/cell 
death  markers  under  experimental  conditions  close  to  our 
own  [5,  33,  34]  and  was  used  to  distinguish  apoptotic  from 
viable  cells  in  our  tests.  At  cell  density  of  1  x  105/mL,  viable 
cells  remained  unchanged  at  92%  after  24  hours  but  declined 
to  62%  and  34%  when  ATCs  were  cultured  at  5  x  104/mL 
and  1  x  104/mL  over  the  same  time  interval  (Figure  3(a)). 
Increasing  IL-2  100-fold  from  lOOIU/mL  to  10,000  IU/mL 
did  not  rescue  ATCs  from  death  at  low  cell  density  (data  not 
shown). 

To  determine  by  another  measure  whether  ATCs  died 
by  apoptosis  when  cultured  at  low  cell  density,  a  DNA 
fragmentation  assay  was  employed.  Apoptosis  is  a  distinctive 
form  of  cell  death  that  occurs  in  a  wide  range  of  physiological 
and  pathological  situations  [38].  It  differs  fundamentally 
from  degenerative  cell  death  or  necrosis  and  was  originally 
defined  by  the  orderly  sequence  of  ultrastructural  changes 
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that  accompanies  cell  elimination  during  development  [39]. 
Biochemically,  it  is  best  characterized  by  the  presence  of 
internucleosomal  cleavage  of  DNA  into  180-200  base-pair 
fragments  [39,  40],  which  can  be  demonstrated  by  gel  elec¬ 
trophoresis.  As  shown  in  Figure  3(b),  DNA  was  fragmented 
when  ATCs  were  cultured  at  low  cell  density  ( 1 X  104/mL)  but 
remained  intact  at  high  cell  density  (1  X  106/mL),  confirming 
that  apoptosis  is  the  mechanism  of  ATC  death  at  low  cell 
density. 

3.4.  ROS  Are  the  Mediators  of  ATC  Apoptosis  at  Low  Cell 
Density.  Elevated  intracellular  ROS  can  trigger  cell  death 
[12-16].  We  hypothesized  that  ROS  were  the  mediators  of 
ATC  apoptosis  at  low  cell  density.  To  test  this  hypothesis,  we 
measured  the  levels  of  intracellular  ROS  in  ATCs  cultured  at 
different  cell  densities  and  tested  if  antioxidants  can  block 
ATC  apoptosis  at  low  cell  density. 

ROS  include  superoxide  and  hydroxyl-free  radicals  and 
H2O2.  To  measure  intracellular  ROS,  we  used  the  oxidation- 
sensitive  fluorescent  probe  DHR  [7] .  DFIR  is  nonfluorescent, 
uncharged,  and  accumulates  within  cells,  whereas  R123, 
the  product  of  intracellular  DFIR  oxidation,  is  fluorescent, 
positively  charged,  and  trapped  within  cells  [41].  ATCs 
cultured  at  high  cell  density  ( 1  x  lCP/mL)  and  low  cell  density 
(1  x  104/mL)  for  24  hours  were  incubated  with  DFIR,  and 
R123  fluorescence  was  measured  by  flow  cytometry.  The  rate 
of  DFIR  oxidation  was  significantly  greater  in  ATCs  cultured 
at  low  cell  density  than  in  ATCs  cultured  at  high  cell  density 
(Figure  4(a)),  confirming  a  correlation  of  intracellular  ROS 
with  apoptosis. 

Antioxidants  inhibit  ROS-mediated  apoptosis  in  many 
systems  by  limiting  ROS-induced  cell  damage  [  16] .  We  there¬ 
fore  tested  the  effects  of  three  antioxidants  on  ATC  apoptosis 
at  low  cell  density.  NAC  elevates  intracellular  glutathione 
[17]  that  is  a  substrate  for  glutathione  peroxidase  to  catalyze 
the  breakdown  of  H2O2;  catalase  detoxifies  FFO2  produced 
by  superoxide  ions  [7];  and  albumin  can  directly  scavenge 
reactive  oxygen  species  through  its  free  cysteinyl — SH  [42], 
ATCs  were  cultured  at  low  cell  density  (1  x  104/mL)  in  the 
presence  of  antioxidants  at  different  concentrations  for  24 
hours.  Cell  viability  and  intracellular  ROS  were  measured  by 
flow  cytometry.  All  agents  significantly  protected  cells  from 
death  in  a  dose-dependent  manner.  In  general,  the  increased 
survival  was  paralleled  by  a  reduction  in  intracellular  ROS 
levels  with  higher  levels  of  the  antioxidants  (Figure  4(b)). 
This  further  supports  the  hypothesis  of  ROS  as  a  mediator 
of  apoptosis  in  ATCs  cultured  at  low  cell  density. 

Albumin  is  the  most  abundant  plasma  protein  and 
has  been  suggested  to  constitute  an  important  extracellular 
antioxidant  [43,  44],  Interestingly,  the  reduction  in  ROS  with 
albumin  appeared  somewhat  less  than  predicted  versus  the 
survival  benefit  observed  (Figure  4(b)),  suggesting  that  there 
may  be  additional,  downstream  means  by  which  albumin 
may  mitigate  the  harmful  effects  of  ROS.  A  further  feature 
of  interest  was  the  demonstration  of  increased  albumin 
endocytosis  in  the  low  density  ATCs  versus  those  grown  at 
high  density  (Figure  4(c)).  Whether  this  was  a  generalized 
effect  on  endocytosis  or  selectively  related  to  albumin  was  not 
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Figure  2:  ATCs  proliferate  at  high  cell  density.  ATCs  were  activated  at  high  density  and  then  reseeded  in  fresh  growth  medium  plus  IL-2 
at  varying  concentrations,  (a)  Numbers  of  ATCs  at  different  cell  densities.  ATCs  were  cultured  at  high  cell  density  (1  x  105/mL)  or  low  cell 
density  (1  x  104/mL)  in  75  cm2  flasks  for  6  days.  Cell  number  change  rate  (%)  was  monitored  by  direct  cell  counting,  (b)  Cell  division  of 
ATCs  at  different  cell  densities.  After  labeling  with  CFSE,  ATCs  were  cultured  at  1  x  105/mL,  1  x  104/mL,  and  1  x  103/mL  in  75  cm2  flasks 
for  6  days.  Cell  division  was  monitored  by  CFSE  dilution  in  the  dividing  cells  as  analyzed  by  flow  cytometry. 


examined.  It  was  also  not  discriminated  whether  it  was  the 
internalized  albumin  or  the  external  protein  that  mediated 
the  survival  benefits;  its  mechanism  of  action  was  not  further 
investigated. 

3.5.  Soluble  Factor  Secreted  by  ATCs  at  High  Cell  Den¬ 
sity  Prevents  Apoptosis  of  ATCs  at  Low  Cell  Density.  The 
protective  effect  of  high  cell  density  indicated  that  either 
cell-to-cell  contacts  or  soluble  factor(s)  produced  by  ATCs 
were  inhibiting  ATC  apoptosis  under  this  condition.  To 
assess  whether  soluble  factor(s)  were  involved,  conditioned 
medium  from  ATCs  cultured  at  high  cell  density  (1  x 
106/mL)  was  collected  and  added  to  ATCs  cultured  at 
low  cell  density  (1  X  104/mL).  With  increased  fractions  of 
conditioned  medium  in  the  total  medium,  the  intracellular 
ROS  levels  decreased  in  ATCs  cultured  at  low  cell  density  and 
their  viability  increased  (Figure  5(a)).  These  data  confirmed 
the  secretion  of  one  or  more  soluble  factors  at  high  cell 


density  that  functioned  as  antioxidant  to  protect  ATCs  from 
apoptosis. 

A  similar  protective  effect  was  observed  with  conditioned 
medium  from  a  human  colon  carcinoma  cell  line,  MIP101 
(Figure  5(b))  and  from  a  human  T  cell  leukemia  cell  line 
(data  not  shown).  These  results  indicate  that  the  protective 
soluble  factor(s)  secreted  by  ATCs  at  high  cell  density  are 
not  ATC-specific.  This  result  is  compatible  with  the  potential 
of  diverse  cell  lines  to  function  as  feeder  cells  during  T  cell 
cloning  procedures  [40]. 

3.6.  Autocrine  Catalase  Protects  ATCs  from  Apoptosis.  Based 
on  prior  studies  of  cytoprotective  effects  of  catalase  in 
cultures  of  lymphoid  leukemia  cells  [5,  40],  we  hypothesized 
that  the  cell  density  effect  on  ATC  survival  was  also  mediated 
by  secreted  catalase.  To  determine  whether  catalase  was  one 
of  the  autocrine  survival  factors,  western  blot  was  performed 
(Figure  6(a)).  The  enzyme  was  clearly  detected  in  cell  lysates 
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Figure  3:  ATCs  undergo  apoptosis  at  low  cell  density,  (a)  Cell  viability  of  ATCs  at  different  cell  densities.  ATCs  were  cultured  at  different 
cell  densities:  1  X  105,  5  X  104,  and  1  x  104/mL  in  75  cm2  flasks  for  24  hours.  Cell  viability  was  analyzed  by  flow  cytometry.  Viable  cells  are 
included  in  the  rectangle  and  percentages  of  viable  cells  are  indicated  within  the  icon  top  left.  Similar  results  were  obtained  in  3  independent 
experiments,  (b)  DNA  fragmentation  of  ATCs  at  different  cell  densities.  The  DNA  extracts  of  ATCs  cultured  at  high  (1  X  106/mL)  (lane  1)  or 
low  (lx  104/mL)  (lane  2)  cell  density  in  75  cm2  flasks  for  24  hours  were  electrophoresed  through  a  1%  agarose  gel  and  stained  with  ethidium 
bromide.  100  bp  DNA  ladder  markers  were  included  as  markers  (M). 


and  conditioned  medium,  but  not  in  control  medium.  In  two 
separate  assays,  catalase  in  CM  (e.g.,  lane  2)  was  estimated 
at  2.5-5  fig/mL  (6-12  units/mL)  in  comparison  with  control 
purified  catalase.  Estimates  from  cell  lysate  (lane  3)  are  2,ug 
per  106  cells.  This  means  that  in  24  hours  106  cells  secrete 
into  1  mL  of  medium,  a  quantity  (2.5-5  fig)  that  equals  or 
exceeds  what  is  present  in  the  cells  themselves.  Further,  this 
concentration  of  catalase  in  CM  corresponds  closely  with 
levels  that  give  maximum  benefit  to  ROS  control  and  cell 
viability  in  Figure  4(b)  (e.g.,  ~  10  units/mL). 

We  next  sought  to  establish  whether  catalase  contributed 
to  the  survival-enhancing  effect  of  the  conditioned  medium. 
To  address  this  question,  the  effect  of  the  selective  catalase 
inhibitor,  3' -amino- 1,2,4-triazole  (ATZ)  [5,  45-48]  was 
examined.  ATZ  significantly  blocked  the  survival-enhancing 
activity  of  the  conditioned  medium  (Figure  6(b)),  indicating 
that  catalase  plays  the  major  role  in  this  cytoprotective  effect. 

3.Z  Elevated  Autocrine  Catalase  Accumulation  in  CD28 
Costimulated  T  Cell  Activation.  Flaying  established  the  role 


of  autocrine  catalase  as  a  cell  survival  factor  in  ATC  pro¬ 
liferation,  an  interesting  question  arises:  whether  autocrine 
catalase  also  plays  a  role  in  CD28  costimulated  T  cell 
activation.  An  intermediate  cell  concentration  was  shown 
in  Figure  1  to  benefit  from  CD28  costimulation,  PBMCs 
at  1  X  105/mL  were  activated  with  anti-CD3  antibody 
without  or  with  anti-CD28  antibody  in  the  presence  of 
IL-2.  Compared  with  anti-CD3  antibody  activation  alone, 
there  was  a  significant  more  amount  of  autocrine  catalase 
accumulation  in  the  anti-CD28  antibody  costimulated  cell 
cultures  (Figure  7).  These  results  indicate  that  the  improved 
T  cell  activation  at  lower  cell  density  with  CD28  is  paralleled 
by  an  enhanced  autocrine  catalase  secretion. 

4.  Discussion 

Cell  density  has  been  reported  to  be  important  for  cell 
survival  in  cultures  of  resting  T  cells  [3]  and  certain  leukemic 
T  and  B  cell  lines  [4]  but  not  reported  in  other  leukemic 
T  cell  lines  such  as  Jurkat  and  F19  T  cells  [5].  Although 
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Figure  4:  Reactive  oxygen  species  (ROS)  are  the  mediators  of  ATC  apoptosis  at  low  cell  density,  (a)  Intracellular  ROS  levels  in  ATCs  cultured 
at  different  cell  densities.  ATCs  were  cultured  at  high  cell  density  (1  x  105/mL)  or  low  cell  density  (1  x  104/mL)  in  75  cm2  flasks  for  24  hours. 
After  staining  with  DHR  for  30  minutes,  intracellular  ROS  levels  of  ATCs  were  analyzed  by  flow  cytometry.  Nonstaining  ATCs  were  used  as 
negative  control,  (b)  Antioxidants  protect  activated  T  cells  from  apoptosis  at  low  cell  density.  ATCs  were  cultured  at  1  x  104/mL  in  75  cm2 
flasks  in  the  presence  of  catalase,  NAC,  and  human  serum  albumin  (HSA)  in  different  concentrations.  HSA  in  unsupplemented  serum-free 
medium  was  measured  at  3  mg/mL  by  Bradford  assay.  Both  cell  viability  and  intracellular  ROS  levels  were  analyzed  by  flow  cytometry  as  in 
(a).  ROS  levels  were  indicated  as  mean  fluorescence  intensity  (MFI)  of  DHR-stained  cells.  Similar  results  were  obtained  in  2  independent 
experiments,  (c)  Elevated  intracellular  albumin  in  ATCs  cultured  at  low  cell  density.  ATCs  were  cultured  at  high  cell  density  (1  x  105/mL) 
or  low  cell  density  (1  x  104/mL)  in  75  cm2  flasks  for  24  hours.  Cells  were  fixed  and  permeabilized  and  then  stained  with  mouse  antihuman 
albumin  antibody,  followed  by  staining  with  a  secondary  goat  antimouse  FITC-conjugated  antibody.  Cells  stained  with  only  secondary 
antibodies  were  used  as  negative  controls. 
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there  are  frequent  communications  between  investigators 
performing  ex  vivo  T  cell  expansions  for  clinical  therapeutic 
applications  that  maintaining  high  cell  density  is  an  impor¬ 
tant  consideration  factor  in  T  cell  expansion,  the  relation 
between  cell  density  and  T  cell  expansion  remains  unclear.  In 
this  study,  we  systematically  examined  the  relation  between 
cell  density  and  normal  human  T  cell  expansion  in  vitro, 
providing  evidence  for  optimizing  T  cell  expansion  protocols 
for  clinical  applications.  From  our  results,  PBMCs  have  to  be 
seeded  at  high  cell  density  (>I  x  106/mL)  for  optimal  T  cell 
activation.  The  addition  of  CD28  costimulation  helps  resting 
T  cells  to  be  activated  at  lower  cell  density  and  coordinately 
yields  elevated  catalase  secretion  and  accumulation  in  the 
cultures.  Maintaining  high  cell  density  is  also  important  for 
ATC  proliferation.  ATCs  undergo  apoptosis  when  cultured 
at  cell  density  of  1  x  104/mL  or  less.  Our  mechanistic  studies 
support  the  role  of  ROS  and  oxidative  stress  apoptosis  in  ATC 
death  at  low  density.  At  high  cell  density,  the  extracellular 
accumulation  of  secreted  catalase  reduces  intracellular  ROS 
species  and  alleviates  their  toxic  effects. 

4.1.  Cell  Density  Plays  a  Critical  Role  in  Ex  Vivo  Expansion 
of  T  Cells.  Current  protocols  for  ex  vivo  expansion  of  T 
cells  for  clinical  adoptive  immunotherapy  usually  involve  the 
activation  of  PBMCs  with  OKT3  alone  or  plus  anti-CD28 
antibody  in  the  presence  of  IL-2.  When  expanding  T  cells  in 
vitro,  our  results  indicate  that  it  is  critical  to  maintain  the 
cells  at  high  cell  density  during  both  T  cell  activation  and 
ATC  expansion  phases.  It  is  reported  that  OKT3  has  to  be 
immobilized  on  plastic  or  crosslinked  via  accessory  cells  in 
PBMCs  through  Fc  receptor  binding  for  the  activation  of 
T  cells  [37].  At  low  cell  density,  where  the  cell-cell  contact 
is  poor,  the  OKT3  may  not  be  efficiently  crosslinked  to 
activate  resting  T  cells.  We  also  found  that  the  addition 
of  costimulation  through  anti-CD28  antibody  improves  the 
activation  of  resting  T  cells  at  lower  cell  density.  Unlike  the 
OKT3,  the  soluble  form  of  mAb9.3  can  induce  costimulation 
directly  without  the  need  for  crosslinking  [37].  Interestingly, 
there  is  a  correlation  between  CD28  costimulation  and 
elevated  catalase  accumulation  in  the  cultures.  At  present, 
there  is  no  basis  on  which  to  infer  whether  catalase  is  in 
the  CD28  pathway  or  merely  one  of  the  many  downstream 
components  of  T  cell  activation.  Once  being  activated,  the 
ATCs  have  to  be  kept  at  high  cell  density  for  survival  and 
efficient  proliferation. 

When  T  cells  are  activated,  T  cells  secrete  abundant 
cytokines  such  as  IL-2  and  other  growth  factors  for  cell 
proliferation  and  survival.  Maintaining  high  cell  density 
in  culture  may  enable  the  accumulation  of  such  autocrine 
products  to  reach  a  relatively  high  concentration  to  support 
the  proliferation  and  survival  of  ATCs.  It  is  interesting  to 
notice  that  under  physiological  conditions,  T  cell  immune 
responses  can  only  be  exclusively  induced  in  organized 
lymphoid  tissues  but  not  elsewhere  in  the  body  [49-53]. 
Naive  T  cells  traffic  constitutively  through  secondary  lym¬ 
phoid  organs  where  they  encounter  antigen-loaded  dendritic 
cells  and  are  activated  to  proliferate  and  differentiate  into 
activated  effector  T  cells.  Following  this,  effector  T  cells 
then  migrate  to  peripheral  tissues  to  perform  their  function 
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Figure  5:  Soluble  factors  secreted  by  ATCs  at  high  cell  density 
prevent  apoptosis  of  ATCs  at  low  cell  density.  ATCs  cultured  at 
1  x  104/mL  in  75  cm2  flasks  were  supplemented  with  conditioned 
medium  from  (a)  ATCs  at  high  cell  density  or  (b)  MIP101  cells  in 
different  concentrations  for  24  hours.  Cell  viability  and  intracellular 
ROS  levels  were  analyzed  by  flow  cytometry  Similar  results  were 
obtained  in  two  independent  experiments. 


[54].  Is  it  true  that  at  locations  such  as  the  T  cell  areas  of 
secondary  lymphoid  organs,  high  cell  density  enables  the 
initiation  of  T  cell  responses  with  supported  T  cell  survival 
and  proliferation,  whereas  at  sites  of  peripheral  tissues,  low 
cell  density  prevents  T  cell  proliferation  and  minimizes 
immunopathology?  The  question  remains  to  be  answered. 

4.2.  ROS  Are  the  Mediators  of  ATC  Apoptosis  at  Low  Cell 
Density.  To  understand  why  T  cells  have  to  be  maintained 
at  high  cell  density  for  optimal  expansion,  it  is  important 
to  know  why  the  T  cells  die  at  low  cell  density.  ROS 
such  as  superoxide  and  hydroxyl  radicals  and  H2O2  are 
continuously  produced  by  cells,  and  their  levels  are  regulated 
by  a  number  of  enzymes  and  physiological  antioxidants. 
Excessive  generation  of  ROS  or  failure  to  suppress  elevated 
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Figure  6:  Autocrine  catalase  is  the  conditioned  medium  product 
that  protects  ATCs  from  apoptosis,  (a)  Expression  and  secretion 
of  catalase  by  ATCs.  Western  blot  of  control  medium  (lane  1), 
conditioned  medium  from  ATCs  (lane  2),  cell  lysates  of  ATCs 
(lane  3),  and  catalase  control  (lane  4)  probed  with  anticatalase 
antibody,  (b)  Catalase  inhibitor  ATZ  abrogates  the  protective  effect 
of  conditioned  medium  from  ATCs.  ATCs  were  cultured  at  high 
cell  density  (1  X  105/mL)  (HD)  or  low  cell  density  (1  x  104/mL) 
(LD)  in  75  cm2  flasks  in  the  presence  or  absence  of  50%  conditioned 
medium  from  ATCs  (CM)  and  ATZ  in  1  or  10  mM  for  24  hours.  Cell 
viability  was  analyzed  by  flow  cytometry. 


intracellular  ROS  by  the  cellular  regulatory  systems  has  been 
associated  with  cell  death  [  12-15] . 

Differential  effects  of  ROS  on  cell  death  are  observed 
depending  on  the  level  of  ROS  within  the  cell  [26,  55].  High 
levels  of  ROS  lead  to  lipid  peroxidation,  damage  to  cellular 
membranes,  inactivation  of  caspase  enzymes,  and  necrotic 
cell  death.  Low  levels  of  ROS  can  activate  protein  kinases 
and  phosphatases,  mobilize  Ca2+  stores,  activate  or  inactivate 
transcription  factors,  and  lead  to  apoptotic  cell  death.  ATCs 
have  been  shown  to  have  increased  levels  of  ROS  [25,  26,  29- 
31]  and  ROS  have  been  shown  to  be  one  of  the  decisive 
contributors  to  the  death  of  ATCs  [25-28]. 

ROS  are  intermediates  in  the  induction  of  FasL  after 
TCR  engagement  during  activation  induced  cell  death  [25]. 


ROS-driven  Bcl-2  downregulation  is  a  necessary  signal  for 
activated  T  cell  autonomous  death  [25].  Besides,  ROS  may 
affect  many  other  molecules,  such  as  membrane  lipids, 
transcriptional  factors,  and  signal  transduction  proteins  that 
are  involved  in  T  cell  apoptosis  [25]. 

Our  data  demonstrate  that  ATCs  cultured  at  low  cell 
density  have  higher  levels  of  ROS  than  ATCs  cultured  at  high 
cell  density  and  that  reversal  of  high  ROS  in  culture  improves 
T  cell  proliferative  response  and  survival,  implying  that  ATC 
apoptosis  at  low  cell  density  is  triggered  by  ROS. 


4.3.  Antioxidants  Promote  ATC  Survival  at  Low  Cell  Density. 
Glutathione  (GSH)  is  the  major  intracellular  redox  buffer 
and  plays  an  essential  role  in  protecting  cells  against  oxidative 
damage  [56].  In  addition,  changes  in  the  intracellular  GSH 
levels  modulate  the  expression  of  several  genes  involved  in 
the  control  of  cell  growth  and  differentiation  [57,  58].  In  T 
lymphocytes,  intracellular  GSH  is  critical  for  the  proliferative 
response  to  mitogens  or  antigens  [59-62].  Our  experiments 
demonstrate  that  by  supplementing  the  GSH  precursor, 
NAC,  ATCs  can  be  protected  from  apoptosis  at  low  cell 
density,  suggesting  that  the  GSH  peroxidase  antioxidant 
system  may  play  an  important  role  in  ATC  survival. 

Other  interventions  that  reduce  intracellular  ROS  were 
also  effective  in  reversing  the  effect  of  low  cell  density  to 
inhibit  T  cell  proliferation  and  survival.  These  included  the 
supplementation  of  cultures  with  purified  catalase,  which 
detoxifies  H2O2,  and  addition  of  high  concentrations  of 
serum  albumin,  which  contributes  reducing  cysteines  that 
can  scavenge  oxygen  radicals. 

One  of  the  striking  features  of  human  serum  albumin 
is  the  presence  of  34  cysteine  residues  forming  17  disulfide 
bonds,  and  one  free  thiol  at  the  Cys-34  position  [63].  One- 
third  of  the  albumin  molecules  form  mixed  disulfides  with 
either  GSH  or  half-cystine.  The  remaining  sulfhydryl  group 
of  the  Cys-34  residue  of  albumin  constitutes  the  major 
extracellular  source  of  reactive  free  thiol  [64] .  In  this  context, 
it  has  been  suggested  that  albumin  constitutes  an  important 
extracellular  antioxidant  in  plasma  [43].  The  role  of  albumin 
as  an  ROS  scavenger  has  been  confirmed  in  cell-free  systems 
with  a  wide  variety  of  oxidative  species,  including  HOC1, 
H2O2,  'OH,  carbon  radicals,  and  peroxynitrite  [22,  65,  66], 
as  well  as  in  intact  cell  systems  such  as  macrophages  and 
renal  tubular  epithelium  [42].  However,  the  mechanism  by 
which  albumin  exerts  its  antioxidant  effects  is  most  likely 
multifactorial  [42].  It  is  possible  that  the  free  sulfhydryl 
group  of  albumin  enables  it  to  act  not  only  as  an  antioxidant 
but  also  as  a  reducing  agent  via  modulation  of  cellular  GSH 
levels  [44] .  GSH  in  turn  affects  a  wide  variety  of  cell  proteins, 
the  function  of  which  is  dependent  on  redox  state,  such  as  the 
N-methyl-D-aspartic  acid  receptor,  the  DNA  binding  protein 
activator  protein-1,  and  NF-kB  [67,  68]. 

Albumin  has  been  an  essential  component  of  non¬ 
serum  culture  mediums  for  expansion  of  T  cells  for  clinical 
applications.  We  explored  the  antioxidant  role  of  albumin  in 
cell  density- related  death  of  ATCs.  Concentration-dependent 
reduction  of  intracellular  ROS  in  ATCs  cultured  at  low  cell 
density  suggests  that  albumin  reacted  as  an  antioxidant  to 
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Figure  7:  Improved  activation  with  CD28  costimulation  at  low  cell 
density  is  accompanied  by  higher  autocrine  catalase  secretion.  Slot 
blot  of  culture  media  from  unactivated  (lane  1),  anti-CD3  antibody 
(lane  2)  and  anti-CD3  antibody  plus  anti-CD28  antibody  (lane  3) 
activated  PBMCs  at  1  x  105/mL  at  24  and  48  hours  probed  with 
anticatalase  antibody. 


scavenge  ROS.  Compared  to  antioxidants  catalase  and  NAC, 
however,  the  effectiveness  of  albumin  in  reducing  ROS  is  not 
as  strong,  compatible  with  its  action  via  these  other  indirect 
mechanisms  to  rescue  ATCs  from  apoptosis.  The  mechanism 
of  albumin’s  action  was  not  investigated  further. 

Interestingly,  elevated  intracellular  albumin  was  detected 
in  ATCs  cultured  at  low  cell  density,  implicating  increased 
endocytosis  under  this  condition,  possibly  in  response  to 
elevated  intracellular  ROS.  Albumin  is  bound  on  the  surface 
oflymphoid  cells  of  all  mammalian  species  tested  [69],  but  its 
function  is  relatively  unknown.  ATCs  express  albumin  bind¬ 
ing  proteins  and  the  binding  of  serum  albumin  increased 
considerably  upon  blastic  transformation  [70].  Albumin 
is  endocytosed  and  the  internalized  albumin  is  detected 
in  peroxidase-conjugated  form  in  lysosome-like  bodies  by 
ultrastructural  cytochemistry.  Pulse-chase  experiments  show 
that  internalized  albumin  is  finally  released  mainly  in  a 
degraded  form  from  the  cells  [70].  Whether  increased 
endocytosis  of  albumin  under  low-density  conditions  is  an 
adaptive  response  to  elevated  intracellular  ROS  to  import 
further  reducing  species  into  the  cell  is  uncertain  and  was 
not  investigated  further. 

It  is  likely  that  those  nontoxic  antioxidants  such 
as  sodium  pyruvate  [71],  /J-mercaptoethanol  [72],  DL- 
penicillamine  and  thiolactate  that  exhibit  protective  effects 
against  ROS  may  have  the  same  effect  to  protect  ATCs  from 
apoptosis  at  low  cell  density.  Whether  these  agents  are  useful 
in  the  maintenance  and  growth  of  ATCs  remains  to  be 
determined. 

4.4.  Autocrine  Catalase  Protects  ATCs  from  Apoptosis.  Among 
the  naturally  occurring  variables  examined,  only  one  corre¬ 
lated  with  the  reversal  of  high  levels  of  ROS  under  conditions 
of  high  ATC  cell  density:  the  accumulation  of  secreted 
catalase  that  raised  extracellular  levels  of  this  potent  anti¬ 
oxidant  enzyme.  This  extends  studies  of  cultured  leukemic  T 
and  B  cells  [4,  5]  suggesting  that  autocrine  catalase  functions 
as  a  cytoprotective  antioxidant  in  protecting  cells  at  high 
cell  density  from  apoptosis.  Furthermore,  our  results  and 
others’  indicate  that  this  factor  is  not  cell-type  restricted  and 
is  compatible  with  the  observation  that  so-called  “feeder” 
cells  of  various  origins  can  function  to  support  T  cells  under 


single-cell  cloning  conditions.  We  may  infer  that  secretion 
of  catalase  to  suppress  intracellular  oxidative  stress  is  a  key 
component  of  the  supportive  role  of  feeder  cells. 

How  catalase  is  released  from  the  cells  is  unclear.  Catalase 
lacks  a  leader  sequence  and  cannot  therefore  be  secreted  by 
the  classic  endoplasmic  reticulum-Golgi  secretory  pathway 
[73] .  It  is  suggested  that,  like  some  cytokines,  catalase  may  be 
secreted  via  a  leaderless  secretory  pathway  [5].  It  is  unlikely 
that  the  appearance  of  catalase  in  the  medium  derives  from 
dying  cells.  First,  at  high  cell  density,  ATCs  only  begin  to 
die  at  late  stages  of  expansion  (after  3-4  weeks).  The  CM  we 
collected  are  from  ATCs  cultured  at  early  stage  of  expansion 
(2  weeks)  with  good  viability.  Second,  we  have  shown  that 
CM  from  other  cell  lines  that  have  very  limited  cell  death  can 
also  prevent  ATC  apoptosis. 

It  was  noted  that  the  endogenous  cellular  catalase  was 
similar  in  quantity  to  that  secreted  by  the  cells  in  24  hours. 
Whether  the  intracellular  enzyme  is  in  a  compartment  that 
is  functional  or  inactive  is  not  addressed  by  these  studies. 
However,  it  is  clear  that  cellular  catalase  is  not  a  substitute 
for  the  secreted  component  for  maintaining  cellular  health; 
otherwise,  the  cell  concentration  effects  would  not  be 
observed  and  CM  would  not  rescue  lower  ATC  densities  from 
apoptosis. 

Finally,  the  quantities  of  catalase  in  the  CM  (6- 
12units/mL)  (Figure  6(a))  corresponded  closely  to  levels 
of  purified  catalase  (~  10  units/mL)  that  provide  maximum 
control  of  ROS  and  high  ATC  viability  (Figure  4(b)). 

Regarding  how  extracellular  catalase  activity  might  reg¬ 
ulate  intracellular  oxidative  stress,  it  is  suggested  that  the 
extracellular  decomposition  of  H2O2  may  create  a  concentra¬ 
tion  gradient  favoring  the  diffusion  of  H2O2  out  of  the  cells 
[5], 

A  final  speculation  is  warranted  on  the  relevance  of  these 
findings  to  the  in  vivo  setting.  The  autocrine  of  catalase  by 
T  cells  may  be  an  important  factor  for  their  proliferation. 
At  the  time  of  activation,  ATCs  are  at  the  highest  level  for 
ROS  generation  and  most  vulnerable  to  oxidative  cell  death 
[29].  At  sites  of  high  cellular  density  and  low  fluid  efflux, 
such  as  lymph  node  paracortex,  catalase  could  be  expected 
to  accumulate  to  high  levels  and  support  ATCs  viability 
and  proliferation.  On  the  other  hand,  ATCs  trafficking 
through  the  peripheral  circulation  will  be  dependent  upon 
blood/tissue  levels  of  ROS  and  tissue  secretion  of  catalase,  as 
well  as  serum  albumin. 

Another  question  remains  to  be  answered  is  that  the 
elevated  ROS  in  ATCs  and  an  increased  rate  of  their  death 
at  low  cell  density  may  be  a  result  of  or  partly  related 
to  excessive  oxygen  concentration  in  the  growth  medium 
cultivating  in  traditional  incubators  in  comparison  with 
oxygen  concentration  in  the  blood.  Nevertheless,  our  studies 
clearly  indicate  that  it  is  important  to  keep  an  antioxidant 
environment  for  optimized  expansion  of  T  cells  in  vitro. 

In  conclusion,  the  present  study  examined  the  role  of  cell 
density  in  T  cell  expansion  in  vitro.  Several  conclusions  are 
drawn  from  this  work.  First,  we  confirm  that  cell  density 
plays  a  critical  role  in  T  cell  activation  and  ATC  proliferation. 
Resting  T  cells  were  activated  to  expand  at  high  cell  density 
but  failed  to  be  activated  at  low  cell  density.  ATCs  grew 
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rapidly  at  high  cell  density  but  underwent  apoptosis  at  low 
cell  density  in  culture.  Second,  apoptosis  of  ATCs  cultured 
at  low  cell  density  correlated  with  elevated  intracellular  ROS 
levels  and  was  reversed  by  antioxidants  NAC,  catalase,  and 
albumin,  indicating  that  the  apoptosis  of  ATCs  at  low  cell 
density  was  mediated  by  ROS.  Third,  the  increased  survival 
of  ATCs  at  high  cell  density  was  due  to  non-IL-2  factor(s) 
secreted  by  ATCs  and  non-ATCs  alike.  Fourth,  autocrine 
catalase  was  demonstrated  to  be  the  key  survival  factor 
regulating  ATC  survival  at  high  density  by  suppressing  intra¬ 
cellular  ROS.  Fifth,  CD28  costimulation  that  improves  T  cell 
activation  at  lower  cell  density  is  accompanied  by  enhanced 
autocrine  catalase  secretion.  Our  findings  highlight  the 
importance  of  cell  density  in  T  cell  activation,  proliferation, 
survival,  and  apoptosis  and  suggest  that  it  is  critical  to 
maintain  T  cells  at  high  cell  density  for  the  successful 
expansion  of  T  cells  ex  vivo  for  adoptive  immunotherapy. 
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Abstract 

Gene  therapy  techniques  are  being  applied  to  modify  T  cells  with  chimeric  antigen  receptors  (CARs)  for  therapeutic 
ends.  The  versatility  of  this  platform  has  spawned  multiple  options  for  their  application  with  new  permutations  in 
strategies  continually  being  invented,  a  testimony  to  the  creative  energies  of  many  investigators.  The  field  is  rapidly 
expanding  with  immense  potential  for  impact  against  diverse  cancers.  But  this  rapid  expansion,  like  the  Big  Bang, 
comes  with  a  somewhat  chaotic  evolution  of  its  therapeutic  universe  that  can  also  be  dangerous,  as  seen  by  recently 
publicized  deaths.  Time-honored  methods  for  new  drug  testing  embodied  in  Dose  Escalation  that  were  suitable  for 
traditional  inert  agents  are  now  inadequate  for  these  novel  "living  drugs".  In  the  following,  I  propose  an  approach  to 
escalating  risk  for  patient  exposures  with  these  new  immuno-gene  therapy  agents,  termed  Strategy  Escalation,  that 
accounts  for  the  molecular  and  biological  features  of  the  modified  cells  and  the  methods  of  their  administration.  This 
proposal  is  offered  not  as  a  prescriptive  but  as  a  discussion  framework  that  investigators  may  wish  to  consider  in 
configuring  their  intended  clinical  applications. 


Introduction 

Gene  therapy  techniques  are  being  applied  to  modify  T 
cells  with  chimeric  antigen  receptors  (CARs)  for  thera¬ 
peutic  ends  (designer  T  cells,  T-bodies).  At  their  simplest, 
CARs  are  an  immunoglobulin  binding  domain  fused  to 
the  zeta  signaling  chain  of  the  T  cell  receptor  ("IgTCR") 
that  can  redirect  T  cell  killing  against  antibody-specified 
targets  [1].  The  versatility  of  this  platform  has  spawned 
multiple  options  for  their  application.  For  the  same  target 
and  CAR  recognition  domain,  a  diversity  of  signaling 
domains,  co-expressed  cytokines  and  anti-apoptotic 
genes  may  impact  the  survival  and  activity  of  the  designer 
T  cells,  whereas  other,  adjunctive,  procedures  may  sup¬ 
port  the  stable  engraftment  of  vast  numbers  of  these 
effectors  in  vivo. 

Time-honored  methods  of  Phase  I  safety  testing  have 
relied  on  Dose  Escalation  of  new  drugs  to  protect  patients 
while  advancing  therapeutic  aims.  However,  these  meth¬ 
ods  designed  for  short-acting  inert  agents  are  no  longer 
sufficient  with  the  advent  of  engineered  cellular  therapies 
that  are  "living  drugs"  with  potential  for  lifelong  expo¬ 
sures.  Strategies  applying  different  CARs  and  different 
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means  of  their  application  may  have  different  potentials 
for  benefit,  but  which  may  also  be  paralleled  in  their 
potentials  for  harm.  For  these  novel  cellular  agents,  I  pro¬ 
pose  a  new  concept  to  be  added  to  the  clinical  trialist's 
lexicon:  Strategy  Escalation. 

Discussion 

Designer  T  cells  and  safety 

The  application  of  adoptive  cellular  therapies  in  any  for¬ 
mat  may  have  generic  consequences  with  constitutional 
symptoms  from  cytokines  released  or  co-administered. 
For  the  most  part,  these  are  manageable  in  experienced 
hands  and  present  no  new  challenges.  What  is  new  is  that 
specificities  can  be  engineered  into  T  cells  in  analogous 
fashion  to  monoclonal  antibodies  that  have  been  adapted 
to  target  selected  tumor  antigens.  These  antigens  are  typ¬ 
ically  normal  cell  constituents  that  are  enriched  in 
tumors.  From  a  T  cell  perspective,  CARs  allow  bypassing 
of  thymic  editing  that  prevents  normal  T  cells  from  high 
avidity  reactions  against  self-tumor,  but  that  primarily 
protects  from  such  reactions  against  self-tissue  ("toler¬ 
ance"). 

This  bypassing  of  normal  tolerance  means  that  some 
antigen  targets  may  be  unsafe  for  designer  T  cells.  This 
was  recently  shown  in  a  designer  T  cell  trial  against  G250, 
a  prominent  renal  cell  carcinoma  antigen  [2].  Antibody 
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against  G250  had  been  applied  in  humans  without  toxic¬ 
ity,  but  when  this  specificity  was  tested  in  designer  T  cell 
format,  reaction  occurred  against  low  level  G250  on  bil¬ 
iary  epithelium.  This  resulted  in  an  intolerable  hepato- 
toxicity  in  two  of  three  patients  with  low  infused  doses  in 
the  range  of  109  cells  (100-fold  below  typical  Surgery 
Branch  TIL  doses  [3]),  necessitating  dose  reductions  and, 
in  one  case,  systemic  steroids  for  T  cell  suppression. 
When  steroids  were  removed,  the  patient  had  no  resur¬ 
gence  of  liver  attack  -  but  also  no  tumor  response. 

This  key  study  illustrated  that  designer  T  cells  carried 
the  potential  for  serious  toxicity.  The  safety  of  compara¬ 
ble  Phase  I  interventions  against  other  antigens  (folate 
binding  protein  [4],  Tag72  [5],  CEA  [6],  CD171  [7]  and 
GD2  [8])  indicate  that  toxicity  is  a  function  of  the  target  - 
with  no  obvious  means  to  predict  which.  The  G250  toxic¬ 
ity  also  demonstrated  that  safety  of  a  target  with  antibody 
is  no  assurance  of  safety  with  designer  T  cells  [2].  This  lat¬ 
ter  conclusion  is  not  surprising  given  the  indirect  means 
of  antibody  toxicity  [9]  in  comparison  with  the  direct 
cytotoxic  potency  of  T  cells  that  also  brings  far  greater 
sensitivity,  killing  with  just  a  few  antigen  molecules  per 
cell,  far  below  immunohistochemical  detection  thresh¬ 
olds  [10]. 

This  G250  agent  was  expertly  managed  via  a  dose  esca¬ 
lation  plan  in  a  Phase  I  setting;  the  system  worked:  no  one 
died.  Instead,  it  is  the  evolution  of  more  complex  Strate¬ 
gies  that  raise  the  special  concerns  of  this  essay. 

The  Strategies 

New  Strategies  evolved  because  several  so-called  1st  gen¬ 
eration  IgTCR  designer  T  cells  (above)  had  been  tested  in 
the  clinic  without  major  tumor  regressions.  Two  contrib¬ 
uting  problems  were  identified.  Firstly,  the  infused 
designer  T  cells  initially  distributed  widely  through  the 
blood  and  tissues,  but  then  they  quickly  perished  in  the 
host  that  is  already  replete  with  T  cells.  Secondly,  the  few 
T  cells  that  trafficked  into  tumor  could  initially  exhibit 
killing,  but  they  ultimately  disappeared  via  a  process  of 
activation-induced  cell  death  (AICD)  or  passed  to  a  rest¬ 
ing,  inactive  state. 

These  two  problems  prompted  two  corresponding 
hypotheses  for  improving  tumor  responses: 

(1)  Responses  could  be  improved:  if  sufficient  T  cells 
were  maintained  systemically  to  sustain  T  cell  percolation 
into  tumor  (although  T  cells  survived  for  only  a  few  days 
of  tumor  cell  killing). 

(2)  Responses  could  be  improved:  if  T  cells  were  to  acti¬ 
vate  and  proliferate  on  antigen  contact  in  tumor 
(although  T  cells  in  tumor  were  few  in  starting  number). 

To  address  hypothesis  #1,  Dudley,  Rosenberg  and  col¬ 
leagues  [11]  applied  "conditioning"  to  create  a  "hemato¬ 
logic  space"  with  high  dose  chemotherapy  and/or  whole 


body  irradiation  prior  to  T  cell  infusion  in  their  TIL  stud¬ 
ies  in  melanoma.  With  the  burst  of  IL7  and  IL15  that 
accompanies  the  lymphopenic  state  [12],  the  infused  T 
cells  rode  the  recovery  with  a  homeostatic  expansion,  i.e., 
independent  of  antigen  stimulation.  As  such,  low  doses  of 
infused  T  cells  could  expand  100-fold  in  vivo  to  become  a 
stable,  "engrafted"  component  of  the  lymphoid  compart¬ 
ment,  in  some  instances  >50%  of  the  cells  that  would  be 
the  equivalent  of  5  x  1011  (0.5  kg!)  tumor-specific  T  cells. 
This  in  turn  led  to  dramatically  improved  tumor  response 
rates  with  substantial  numbers  of  durable  remissions. 

To  address  hypothesis  #2,  so  called  2nd  generation  "2- 
signal"  CARs  were  created  to  improve  their  function  [13]. 
To  the  basic  TCRz  signaling  (Signal  1)  of  the  IgTCR  was 
added  a  co-stimulation  Signal  2  via  CD28  and/or  other 
signaling  domains,  e.g.,  IgCD28TCRz.  Signal  1  suffices 
for  T  cell  killing,  but  Signal  1  +  2  engages  the  T  cell  prolif¬ 
erative  capacity,  avoiding  AICD,  and  promotes  T  cell 
reactivation  on  antigen  contact  after  passing  to  resting 
state.  By  this,  even  a  few  cells  trafficking  to  tumor  could 
activate  and  expand  in  situ  to  large  numbers  until  tumor 
elimination,  in  the  same  way  that  virus-specific  T  cells 
respond  to  viral  infections.  Further,  the  added  costimula¬ 
tion  renders  designer  T  cells  resistant  to  regulatory  T  cell 
suppression  [14]. 

The  benefits  of  these  modifications  for  improving  ther¬ 
apy  were  enticing,  and  to  many  their  combination 
appeared  irresistible.  With  engraftment  of  2-signal 
designer  T  cells,  there  would  be  huge  numbers  of  effec¬ 
tors,  and  they  would  never  lose  their  capacity  to  respond 
against  the  tumor  threat  -  or  against  normal  tissues, 
thereby  motivating  this  essay. 

With  two  independent  approaches,  however,  it  is  not 
just  their  combination  but  a  2  x  2  array  of  four  distinct 
Strategies  that  confronts  the  investigator  in  choosing 
safely  how  to  treat  his  first  patients  with  a  new  designer  T 
cell  agent:  1st  generation  or  2nd?  Infuse  or  engraft?  The 
philosophy  of  patient  exposures  during  new  drug  testing 
is  aimed  at  proceeding  from  low  risk  to  higher  risk  in  a 
regulated  fashion.  To  order  these  Strategies  for  risk, 
therefore,  it  is  instructive  to  perform  a  "What-if?"  analysis 
to  consider  the  consequences  if  G250  designer  T  cells  [2] 
had  had  their  initial  patient  exposures  under  one  of  these 
more  advanced  Strategies. 

"What  if...?" 

"What  if"  G250  designer  T  cells  were  first  applied  via  ...? 
Strategy  1.  1st  generation,  infused  [Actual] 

In  the  least  aggressive  Strategy,  infusion  of  1st  genera¬ 
tion  G250  designer  T  cells  was  seen  to  mediate  signif¬ 
icant  toxicity.  Steroids  successfully  suppressed  the  T 
cell  reaction  without  reactivation  after  steroid  with¬ 
drawal. 
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Strategy  2.  1st  generation,  engrafted 
If  the  same  T  cells  had  been  engrafted,  their  resulting 
vast  numbers  would  likely  induce  a  more  severe  and 
possibly  lethal  toxicity  if  left  unchecked.  However, 
intervention  with  steroids  would  again  suppress  the 
auto-immune  attack.  Once  brought  to  resting  state 
and  steroids  removed,  these  Signal  1-only  designer  T 
cells  would  be  inert  (anergic)  on  contact  with  antigen 
positive  tissues,  and  the  patient  safe  from  resurgence 
of  his  symptoms.  Toxicity  under  this  Strategy  should 
be  manageable.  (See  endnote  1.) 

Strategy  3.  2nd  generation,  infused 
If  G250  designer  T  cells  were  infused  as  before  but  in 
2nd  generation  format,  they  also  would  induce  toxicity 
and  then  respond  to  steroids.  But  with  removal  of  ste¬ 
roids,  these  now-resting  2-signal  designer  T  cells  can 
reactivate  on  antigen  contact  with  renewed  toxicity. 
Importantly,  at  low  initial  exposures  in  the  dose  esca¬ 
lation,  these  infused  designer  T  cells  begin  as  a  tiny 
fraction  of  the  body's  T  cell  repertoire  and  undergo 
rapid  systemic  decline  (e.g.,  109  cells  infused  vs  1012 
total  T  cells,  or  0.1%  at  peak  and  lower  thereafter). 
From  the  analogous  clinical  setting  of  donor  lympho¬ 
cyte  infusion  (DLI),  we  know  that  size  (of  dose)  mat¬ 
ters,  and  even  with  a  fully  competent  allo-immune 
reaction,  small  numbers  of  allo-reactive  T  cells  can  be 
safely  managed  with  a  balance  of  GvH  reaction  and 
anti-tumor  benefit  [15,16].  Thus,  toxicity  under  this 
Strategy  should  also  be  manageable. 

Strategy  4.  2nd  generation,  engrafted 
If  2nd  generation  T  cells  had  instead  been  engrafted, 
G250-specific  T  cells  would  not  only  be  capable  of 
reactivation  after  steroids,  but  they  would  be  vast  in 
number.  With  up  to  10%  of  the  reconstituted  T  cell 
pool  being  antigen  specific  after  the  lowest  injected 
dose  (e.g.,  1011  cells  expanding  from  109  injected) 

[17],  these  cells  would  be  virtually  impossible  to  con¬ 
trol,  like  too  high  a  dose  in  DLI  settings.  Maximal 
immune  suppression  would  be  required  at  all  times, 
with  infectious  complications  and  a  predictably  fatal 
outcome.  Had  the  initial  patient  exposure  of  G250  T 
cells  been  by  Strategy  4,  the  consequences  could  have 
been  dire. 

Strategy  Escalation 

With  these  options,  it  can  be  seen  that  there  are  now 
choices,  not  just  of  dose  levels  as  in  typical  Phase  I  drug 
studies,  but  of  Strategies,  with  distinct  consequences  to 
each.  With  these  Strategies  available,  how  does  one  best 
advance  the  therapeutic  aims  while  remaining  faithful  to 
principles  of  patient  protection  via  an  incremental  expo¬ 
sure  to  risk?  This  brings  us  to  the  concept  of  Strategy 
Escalation.  Strategy  1,  simple  infusion  of  1st  generation,  is 
the  most  conservative;  Strategies  2  and  3,  engraftment 
OR  2nd  generation,  are  intermediate  in  risk;  Strategy  4, 


engraftment  AND  2nd  generation,  is  the  most  aggressive. 
To  proceed  from  the  untested  state  for  a  new  target  ("0") 
to  its  most  potent  implementation,  one  could  envision  a 
Strategy  Escalation  path  of  0  — >  1  — >  (2  or  3)  — >  4. 

But  do  I  advocate  that  escalations  for  all  new  agents 
first  pass  through  a  Strategy  1  test,  infusion  1st  generation 
(0  — >  Strategy  1)?  No,  I  do  not.  If  the  target  was  previously 
tested  with  a  Strategy  1,  it  does  provide  more  confidence 
of  the  safety  or  hazard  for  the  more  aggressive  strategies. 
The  G250  test  by  Strategy  1  showed  it  was  unsafe  as  a  tar¬ 
get,  from  which  one  may  forego  all  more  advanced  Strate¬ 
gies,  thereby  sparing  patients  from  more  serious  injury. 
Ultimately,  however,  drugs  must  be  tested  for  safety  in  a 
setting  that  reflects  their  potential  utility.  Sufficient  evi¬ 
dence  exists  from  diverse  trials  with  infusion  of  1st  gener¬ 
ation  designer  T  cells  to  infer  that  none  will  be 
therapeutically  successful  by  Strategy  1,  and  safety  in  this 
format  becomes  of  mainly  academic  interest.  If  we 
instead  start  with  a  more  advanced  Strategy,  what  ratio¬ 
nale  could  be  invoked? 

Strategy  2  with  engraftment  of  1st  generation  showed 
considerable  benefit  in  the  analogous  setting  of  TILs 
where  simple  infusions  had  not  yielded  high  response 
rates  [12].  The  promise  of  Strategy  3  with  2-signals  to 
sustain  an  antitumor  reaction  in  situ  is  an  hypothesis 
based  on  encouraging  preclinical  data;  clinical  trials  are 
just  now  underway.  Both  of  these  have  a  rationale  for 
realistic  benefit  to  patients  where  Strategy  1  no  longer 
does.  If  we  bypass  Strategy  1  for  initial  human  trials,  there 
is  more  risk  with  first  patient  exposures  via  engraftment 
(0  — >  Strategy  2  test)  OR  2nd  generation  (0  — >  Strategy  3 
test),  but  there  is  also  a  rationale  for  controlling  toxicities 
should  they  occur,  as  discussed  above. 

I  would  argue,  however,  that  proceeding  with  an 
untested  target  (e.g.,  as  was  G250)  to  the  most  aggressive 
Strategy  4  (engraftment  AND  2nd  generation)  is  too  much 
risk.  A  0  -)  Strategy  4  test  presumes  much  about  the 
quality  of  our  knowledge  of  the  potential  normal  tissue 
targets  and  their  susceptibility,  and,  of  all  Strategies,  this 
one  alone  allows  no  exit  strategy  if  we  guess  wrong.  (See 
Appendix  1  for  examples.)  No  one  could  foresee  the 
hep ato toxicity  of  G250  designer  T  cells  [2]  or  the  cardio- 
toxicity  of  trastuzumab  antibody  (Herceptin')  [18]  prior 
to  the  actual  human  trials.  The  graded  exposures  of  their 
respective  Phase  I/II  studies  were  essential  to  revealing 
toxicities  before  a  Grade  V  event  (death).  After  a  target  is 
shown  to  be  safe  by  one  Strategy,  one  may  proceed  with 
fair  confidence  to  more  aggressive  Strategies,  as  shown  in 
Figure  1. 

More  than  safety 

Although  safer  development  drives  the  Strategy  Escala¬ 
tion  concept,  the  discipline  of  this  structure  can  assist  in 
finding  more  optimal  development  paths  as  well.  For 
example,  while  a  case  can  be  made  for  safely  escalating  T 
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Figure  1  Safe  pathways  for  Strategy  Escalation.  Note  that  all  esca¬ 
lations  are  permissible  except  0  — >  4.  Dotted  paths  are  proposed  as 
plausibly  safe  but  not  advised.  See  text. 

cells  from  a  prior  Strategy  1  or  2  to  Strategy  4,  these  paths 
are  not  necessarily  recommended  (dotted  in  Figure  1). 
Three  reasons  unrelated  to  T  cell  safety  may  be  consid¬ 
ered  for  all  paths  instead  passing  through  a  full  Strategy  3 
test  first: 

(1)  Lower  hazard:  The  NMA  conditioning  of  Strategy  4 
is  routinely  accompanied  by  infectious  complications  that 
can  occasionally  be  fatal  [[19,12];  see  also  Appendix  1: 
Designer  T  cell  study  deaths]; 

(2)  Lower  cost:  The  clinical  (non-manufacturing)  costs 
in  the  real-world  hospital  setting  are  in  the  range  of  $4- 
$8,000  for  simple  infusion  (Strategy  3)  versus  $60- 
$100,000  for  engraftment  protocols  (Strategy  4),  per  our 
own  experience  [20-22];  and  finally  and  importantly, 

(3)  Better  science:  A  direct  0  — >  Strategy  4  test  with 
engraftment  obscures  any  chance  to  test  the  core  driving 
hypothesis  of  current  research,  e.g.,  that  additional  sig¬ 
nals,  as  embodied  in  the  advanced  generation  designer  T 
cells,  can  promote  a  fully  competent  T  cell  response  with 
in  situ  expansion  until  tumor  elimination. 

To  this  latter  point,  T  cells  do  this  quite  efficiently  in 
virus  infections  without  conditioning,  and  when  we  have 
proven  ourselves  capable  to  bypass  immunization  and 
antigen-presenting  cells  via  this  technology,  I  expect  we 
will  prevail  similarly  with  designer  T  cells  against  tumor. 
At  the  moment  that  we  succeed  with  the  right  CARs, 
such  engraftment  strategies,  with  their  attendant  costs 
and  hazard,  will  predictably  be  retired.  Hence,  in  my 


opinion,  engraftment  should  be  viewed  as  an  intervening 
measure,  applied  only  until  we  get  better  at  immunology, 
to  compensate  for  our  still-imperfect  T  cell  engineering. 

Further,  when  targeting  a  normal  self  antigen,  a  Strat¬ 
egy  3  infusion  may  allow  "tuning"  of  the  activity  against 
tumor  versus  normal  tissue  by  judicious  dose  exposures 
and  a  gradation  of  suppressive  therapies  (as  needed)  in 
the  manner  of  DLI  [15],  where  a  Strategy  4  engraftment 
with  its  hard-to-control  cell  numbers  may  fail.  That  is, 
with  each  new  product  tested  under  Strategy  3,  an  appro¬ 
priate  dose  escalation  plan  affords  the  best  chance  to 
define  an  optimal  biologic  dose  (OBD)  to  establish  proof- 
of-concept  anti-tumor  activity  and  conditions  of  safety  to 
normal  tissues. 

At  this  point  in  time,  however,  the  first  studies  with  2nd 
generation  designer  T  cells  under  Strategy  3  (infused)  are 
just  coming  on-line,  and  none  has  yet  completed  a  full 
escalation  with  appropriate  cytokine  support  (e.g.,  IL2). 
Thus,  it  is  too  early  to  infer  sufficiency  or  deficiency  of 
any  of  the  existing  2nd  generation  reagents  to  eliminate 
tumors  -  without  engraftment.  But  where  these  more 
advanced  reagents  are  proven  therapeutically  inadequate 
(and  safe)  under  Strategy  3  infusions,  then  engraftment 
via  Strategy  4  with  its  higher  cost  and  hazard  is  a  justifi¬ 
able  next  step  in  the  Strategy  Escalation. 

Hence,  for  untested  targets,  it  is  my  opinion  that  Strat¬ 
egy  Escalations  of  0  — >  2  (1st  generation,  engrafted)  or  0 
— >  3  (2nd  generation,  infused)  are  safe  and  acceptable  for 
initial  human  exposures.  For  all  targets,  tested  and 
untested,  I  believe  for  reasons  of  safety,  science  and  cost 
that  2nd  generation  engrafted  should  instead  have  a  full 
prior  test  of  2nd  generation  infused,  i.e.,  a  Strategy  Escala¬ 
tion  of  (0  or  1  or  2)  -)  3  4.  (See  endnote  2.)  This  is 

represented  in  Figure  2. 

Conclusions 

It  is  recommended  that  every  new  immuno-gene  therapy 
proposal  be  accompanied  by  a  Strategy  Escalation  discus¬ 
sion  that  accounts  for  the  molecular  and  biological  fea¬ 
tures  of  the  modified  cells  and  the  method  of  their 
proposed  administration.  This  Commentary  presents  an 
example  of  such  a  discussion  from  the  current  state  of  the 
art  for  designer  T  cell  therapies,  counseling  against  the 
most  intensive  Strategies  for  untested  antigen  targets.  If 
by  an  early  Strategy,  the  patient  can  safely  be  treated,  then 
one  may  reasonably  advance  to  more  potent  Strategies 
with  a  rationale  for  safety.  Further,  it  is  clear  that  safety 
with  an  antibody  is  not  the  same  as  safety  with  a  T  cell; 
antibody  studies  therefore  cannot  substitute  for  directed 
designer  T  cell  trials  via  a  less  than  fully  committed 
patient  exposure.  As  a  paradigm,  Strategy  Escalation  is 
intended  to  be  flexible  and  adaptive  as  new  therapeutic 
opportunities  are  brought  forward,  e.g.,  anti-apoptotic 
genes,  suicide  genes,  co-expressed  cytokines,  etc.,  as  elab¬ 
orated  in  Appendix  2:  Future  directions.  Finally,  the  for- 
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Figure  2  Optimal  pathways  for  Strategy  Escalation.  All  paths  to  2nd 
generation  engrafted  ("4")  pass  through  a  full  prior  test  of  2nd  genera¬ 
tion  infused  ("3").  See  text. 

v _ ) 

malism  of  the  Strategy  Escalation  discussion  may 
ultimately  find  wider  application,  extending  to  other  cel¬ 
lular  therapies  as  their  respective  fields  mature,  e.g.,  as  in 
stem  cells  where  emerging  concerns  over  options  for 
their  safe  and  incremental  application  were  recently  and 
cogently  expressed  [23]. 

Appendix  1 :  Designer  T  cell  study  deaths 

In  the  past  year,  two  patients  died  on  Phase  I  designer  T 
cell  studies:  one  targeting  CD  19  in  lymphoma  [24,25]  and 
the  other  targeting  Her2/neu  in  breast  cancer  [26,27]. 
Both  were  previously  untested  targets  for  designer  T 
cells.  The  patients  in  each  case  were  treated  with  2nd 
generation  designer  T  cells  incorporating  costimulation, 
and  the  two  deaths  were  the  first  patient  in  each  case  to 
undergo  engraftment  (Strategy  4).  In  the  former,  there 
was  an  initial  exposure  to  designer  T  cells  by  infusion 
(Strategy  3)  but  only  to  low  doses  (~109  T  cells)  without 
toxicity,  and  then  a  death  with  the  first  patient  to  have 
engraftment  of  the  same  dose  (0  — >  (3)  — >  4  test).  (3  in 
parentheses  because  it  was  not  a  full  dose-escalation 
test.)  Was  this  death  due  to  on-target  toxicity  (i.e.,  against 
CD19  on  undefined  normal  tissue)?  In  that  case,  was  the 
jump  too  big  from  109  cells  infused  on  Strategy  3  tran¬ 
siently  present  to  1011  stably  engrafted  on  Strategy  4 
(from  109  cells  dose)?  (See  endnote  2.)  Or  was  this  death 
unrelated  to  any  on-target  toxicity,  perhaps  secondary  to 


the  conditioning?  These  questions  could  not  be  defini¬ 
tively  answered.  The  study  was  ultimately  allowed  to  pro¬ 
ceed  with  the  second  patient  treated  at  half-log  lower 
dose  without  toxicity  [24]. 

In  the  second  case,  targeting  Her2/neu,  the  first  patient 
exposure  was  a  moderately  high  dose  of  1010  designer  T 
cells  infused  after  conditioning.  This  was  the  first-in¬ 
human  designer  T  cell  test  against  this  target  (0  — >  Strat¬ 
egy  4  test).  The  patient  experienced  acute  pulmonary 
edema  within  the  first  hour  post  infusion,  and  high  dose 
steroids  were  initiated.  The  patient  died  after  five  days 
with  cardiac  arrest  and  hemorrhagic  enteritis,  the  latter  a 
recognized  manifestation  of  severe  GvHD.  Her2/neu  is 
known  to  be  expressed  on  lung  and  bowel  [28],  and  may 
be  inferred  at  low  levels  in  heart  by  the  cardiotoxicity 
seen  in  a  minority  of  patients  treated  with  trastuzumab 
(Herceptin)  [18].  This  study  is  presently  suspended. 

One  may  consider  whether  these  are  second  and  third 
examples  of  antibody  therapy  being  relatively  safe  (i.e., 
anti-CD  19  antibody  [29]  and  trastuzumab  [30])  but 
designer  T  cell  therapy  against  the  same  target  is  toxic. 
From  the  details  presented,  the  likelihood  is  the  CD19 
death  was  not  due  to  T  cell  toxicity,  but  rather  a  compli¬ 
cation  of  the  conditioning  regimen,  a  reminder  that  con¬ 
ditioning,  integral  to  Strategies  2  and  4,  is  not  a  benign 
option.  On  the  face  of  it,  the  Her2  death  appears  to  be  on- 
target  toxicity  in  normal  tissues,  similar  to  the  G250 
study  [2],  but  not  reversible  by  steroids  due  to  vast  self¬ 
reactive  T  cell  numbers  in  the  Strategy  4  setting.  An  alter¬ 
native  in  each  case  would  have  been  to  start  with  a  full 
Strategy  3,  escalating  until  1011  cells  infused,  if  tolerated, 
and  then  switch  to  Strategy  4,  engrafting  -  but  only  if 
Strategy  3  is  ineffective.  In  both  instances,  these  deaths 
alert  us  to  the  potential  for  serious  impact  of  our  inter¬ 
ventions,  and  that  the  choice  of  how  we  incrementally 
expose  patients  (i.e.,  Strategy)  may  be  important  to 
patient  safety  in  a  new  therapy. 

Appendix  2:  Future  directions 

One  may  consider  the  structure  of  the  2x2  matrix  for 
Strategy  Escalation  as  deriving  from  inherent  elements  of 
T  cell  biology.  One  dimension  is  how  many  T  cells  there 
are  ("quantity”,  e.g.,  Strategy  1  — ■>  2;  T  cells  increased  by 
engraftment)  and  the  other  dimension  is  how  effective/ 
potent  they  are  ("quality",  e.g.,  Strategy  1  — >  3;  T  cells 
more  effective  with  costimulation).  This  matrix  works 
well  for  the  current  state  of  the  art  represented  in  current 
clinical  trials,  but  new  permutations  in  these  strategies 
are  continually  being  invented.  It  is  instructive  to  con¬ 
sider  how  these  newer  configurations  may  affect  the 
application  of  this  matrix. 

The  matter  of  when  to  assign  a  new  intervention  a  new 
Strategy  number  (e.g.,  5)  comes  down  to  whether  an  ear¬ 
lier  trial  needs  to  be  performed  before  escalating  to  the 
new  Strategy:  e.g.,  to  address  safety  concerns  of  a  modifi- 
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cation  or  to  serve  better  hypothesis  testing.  In  most 
instances,  however,  it  can  be  seen  that  these  anticipated 
modifications  are  still  covered  under  one  of  these  four 
basic  Strategies.  That  is,  novel  interventions  may  be  con¬ 
ceptualized  along  these  same  two  axes  of  number  (quan¬ 
tity)  and/or  potency  (quality),  without  dramatic  changes 
in  the  risk  implications  for  untested  antigens.  These  can 
be  annotated  with  +  or  -  on  a  basic  Strategy  number  (e.g., 
Strategy  1+  or  4-)  when  safety  features  are  considered  not 
to  mandate  a  separate  trial.  Ultimately,  whether  a  config¬ 
uration  is  a  Strategy  4+  or  a  Strategy  5  (needing  a  Strategy 
4  trial  first)  can  be  a  judgment  call  for  the  investigator, 
but  the  formalism  of  the  Strategy  Escalation  discussion 
provides  an  explicit  framework  in  which  to  support  that 
assignment.  In  the  end,  however,  the  way  the  Strategies  are 
numbered  is  less  important  than  the  structure  that 
encourages  their  formal  consideration  as  a  strategy. 

In  the  following,  we  consider  several  Strategy  configu¬ 
rations  that  have  been  described  in  preclinical  work  that 
may  find  their  way  into  the  clinic. 

Multiple  co-stimulatory  molecules 

These  include  CD28,  4-1BB,  0X40  and  others.  I  have 
defined  all  of  these  constructs,  single  or  multiple,  as  2nd 
generation:  they  all  make  T  cells  more  potent  (quality), 
some  more  than  others.  The  best  co-stimulation  combi¬ 
nations  will  make  T  cells  quantitatively  more  able  to 
mediate  toxicity,  possibly  at  lower  starting  cell  exposures, 
but  do  not  introduce  qualitatively  novel  risks.  Unrecog¬ 
nized  toxicities  against  self-tissues  should  still  be  ade¬ 
quately  covered  via  infusions  (Strategy  3)  under  a  dose- 
escalation  plan  with  appropriately  low  starting  doses,  as 
in  tuning  donor  lymphocyte  infusions  (DLI)  [15].  Simi¬ 
larly,  risks  with  engraftment  (Strategy  4)  are  not  qualita¬ 
tively  different  among  different  2nd  generation  constructs 
once  proven  safe  in  a  Strategy  3  test. 

Co-expressed  cytokines 

This  falls  into  two  categories:  Growth  factors  (e.g.,  IL2, 
IL7,  IL15)  and  Immune  Modulators  (e.g.,  IL12,  IFNg). 
Growth  factors  constitutively  expressed  improve  cell 
numbers  (quantity)  by  prolonging  T  cell  survival/expan¬ 
sion.  Critically,  none  has  been  associated  with  T  cell 
immortalization.  For  infusion  protocols,  the  impact  on 
quantity  is  incremental  and  manageable  (versus  the  quan¬ 
tum  changes  for  engraftment)  and  likely  does  not  create 
new  types  of  risks  for  1st  or  2nd  generation  when  infused. 
(See  endnote  3.)  Immune  modulators  like  IF12  make  T 
cells  more  potent  (quality)  without  affecting  cell  num¬ 
bers.  The  anti-self  potency  can  be  managed  by  the  same 
dose  escalation  as  DFI  protocols  (above).  By  this  Strategy 
discussion,  it  appears  that  there  is  no  untoward  risk  by 
Strategy  1  or  3  infusions.  Where  these  cytokines  take  on 
special  significance,  however,  is  in  engraftment  protocols. 
With  1011  or  more  cells  post-recovery  secreting  cytokine, 


high  systemic  exposures  may  create  a  risk  that  is  off-tar¬ 
get  and  potentially  life-long.  With  this  qualitatively  new 
risk,  such  a  study  might  merit  designation  as  a  Strategy  5 
protocol,  to  be  conducted  post  Strategy  4,  if  ineffective. 
(However,  see  below,  On-Off  gene  control .) 

Reactivation  modulators 

Antigen-Fc  molecules  have  been  shown  to  stimulate 
designer  T  cells,  1st  or  2nd  generation,  in  the  presence  of 
monocytes  that  crosslink  Ag-Fc  and  supply  B7  for  CD28 
engagement  and  costimulation  [31].  This  molecule  may 
in  principle  be  used  in  vivo  to  reactivate  and  expand 
designer  T  cells  in  conjunction  with  any  Strategy  (1  and  3, 
post-infusion;  2  and  4,  post-engraftment).  The  ability  to 
control  the  dose  and  duration  of  Ag-Fc  exposure  allows 
assignment  of  Strategy  1+  or  4+,  for  example,  without 
major  risk  increment. 

Anti-apoptosis  genes 

Anti-apoptotic  genes  can  replace  growth  factors  (e.g., 
IF2)  by  blocking  apoptosis  from  cytokine  withdrawal, 
e.g.,  via  Bcl-xl  over-expression  [[32];  Emtage  &  Junghans, 
unpublished  data],  impacting  therapy  along  the  cell  num¬ 
ber  axis  (quantity).  This  has  the  advantage  of  avoiding 
systemic  cytokine  exposures,  whether  exogenous  or 
expressed  in  the  T  cells  (above).  However,  the  potential 
for  transformation  and  immortalization  with  a  Bel  family 
member  [32]  distinguishes  this  class  from  the  expressed 
cytokines.  This  introduces  a  qualitatively  new  risk,  merit¬ 
ing  designation  as  a  Strategy  5  protocol,  to  be  tested  (with 
appropriate  rationale)  only  after  failure  of  a  prior  Strategy 
3  or  4. 

Suicide  genes 

This  measure  would  be  unnecessary  for  most  infusion 
protocols,  where  the  dose  escalation  and  suppressive 
measures  provide  adequate  protection  as  discussed  in  the 
main  text  (an  exception  might  be  with  anti-apoptosis 
genes).  The  fail-safe  feature  of  incorporated  suicide  genes 
presents  a  potential  escape  from  any  toxicity,  however  it 
manifests  [33].  In  the  most  relevant  clinical  model,  her¬ 
pes  TI<  (hTI<)  has  been  employed  in  allo-transplant, 
where  it  has  successfully  combated  serious  GvHD  [34].  In 
the  case  of  2nd  generation  engraftment,  a  suicide  gene 
could  take  a  Strategy  4  down  to  a  Strategy  4-.  Yet,  even 
here,  the  investigator  will  want  to  consider  the  rapidity 
and  completeness  of  the  suicide  (for  hTI<,  hours  to  days, 
depending  on  T  cell  cycling)  versus  the  rapidity  and 
intensity  of  onset  of  adverse  effects.  In  the  Her2  study, 
with  a  moderate  (1010)  dose  of  T  cells,  the  patient  had 
respiratory  distress  by  15  minutes  post-infusion,  requir¬ 
ing  intubation,  and  was  dead  in  5  days.  (See  Appendix  1: 
Designer  T  cell  study  deaths.)  A  suicide  gene  could  not 
have  prevented  the  initial  event  but  perhaps  the  ensuing 
death.  Thus,  the  option  of  suicide  gene  control  of  non- 
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hyperacute  toxicities  could  take  the  designer  T  cells 
under  Strategy  4  engraftment  to  a  risk  level  approaching 
simple  infusion  (e.g.,  Strategy  3+)  by  reducing  effector 
cell  numbers  (cell  numbers  being  the  essential  difference 
between  3  and  4).  However,  it  does  nothing  to  improve 
safety  or  expense  of  conditioning,  or  to  correct  a  muddled 
hypothesis  test  with  the  combined  approach.  The  suicide 
gene  ablation  for  serious  toxicity  in  engraftment  also 
loses  the  opportunity  to  "tune"  the  therapy  in  the  manner 
of  DLI,  available  to  infusion  protocols  (e.g.,  Strategy  3), 
where  a  balance  of  anti-self  and  anti-tumor  activity  may 
be  achieved  with  patient  benefit  [15].  Lastly,  if  fully  tested 
under  Strategy  3,  where  suicide  genes  are  generally 
unneeded,  a  2nd  generation  designer  T  cell  does  not 
require  a  suicide  gene  in  a  subsequent  Strategy  4  because 
safety  of  the  target  was  previously  established. 

On-Off  gene  control 

In  analogy  to  suicide  genes,  parallel  descriptions  could  be 
made  for  control  of  genes  desirable  for  expression  (e.g.,  of 
cytokine)  that  is  time-limited  without  terminating  the  T 
cells,  allowing  for  resumption  of  activity  at  a  later  time  if 
needed.  Thus,  an  engrafted  2nd  generation  designer  T  cell 
with  co-expressed  cytokine  under  a  Tet-On  promoter 
[35],  potentially  termed  Strategy  5  because  of  the  added 
risk  of  systemic  cytokine,  is  downgraded  to  a  Strategy  4+ 
because  of  the  potential  to  shut  off  growth  factor  on  Tet 
withdrawal,  thereby  avoiding  need  for  a  prior  Strategy  4 
trial  for  patient  safety. 

Endnotes 

1.  This  inference  of  toxicity  manageability  under  Strategy 
2  is  consistent  with  observations  in  two  non-designer  T 
cell  studies.  TCR  transfer  engages  CD3  Signal  1  on  anti¬ 
gen  contact,  similar  to  1st  generation  designer  T  cell 
CARs.  Engraftment  of  T  cells  with  MARTI  specificity  in 
a  Strategy  2-like  application  had  on-target  toxicity  that 
safely  responded  to  steroids  [36].  Engraftment  with  CEA 
specific  TCR  designer  T  cells  also  showed  on-target  nor¬ 
mal  tissue  toxicity  that  was  safely  managed  [37].  1st  and 
2nd  generation  TCR-based  CARs  have  been  created 
[[38,39];  AJ  Bais  &  RP  Junghans,  unpublished  data]  and 
will  engender  the  same  types  of  discussion  as  for  the  Ig- 
based  CAR  constructs. 

2.  Bearing  in  mind  that  there  is  a  100-fold  expansion  of 
T  cells  for  the  lowest  useful  doses  in  the  engraftment  pro¬ 
tocols  (e.g.,  109  cells)  [11,17],  it  is  likely  that  a  reasonable 
Strategy  Escalation  increment  to  a  starting  test  with  109  T 
cell  engrafted  is  not  preceded  by  a  test  of  109  T  cells 
infused,  but  by  a  test  of  1011  T  cells  infused.  In  the  latter 
case,  one  is  comparing  1011  T  cells  transiently  present  by 
infusion  versus  1011  T  cells  stably  present  by  engraftment. 
By  moderate  increments  in  risk,  the  hope  is  that  toxicities 


will  be  revealed  at  less  than  Grade  V  (death)  on  their  first 
expression.  See  Appendix  1:  Designer  T  cell  study  deaths. 

3.  IL7  and  IL15  are  transiently  elevated  post-condition¬ 
ing  and  thought  to  drive  the  homeostatic  expansion  and 
engraftment  of  T  cells  [12,40].  One  might  be  concerned 
that  these  cytokines  constitutively  expressed  in  designer 
T  cells  could  drive  T  cell  expansion  without  limit.  Against 
this,  however,  is  the  observation  that  engraftment 
depends  upon  an  empty  compartment  that  is  enumerated 
for  TCR  populations,  independent  of  the  cytokine 
response  [41].  Prudence  would  dictate,  however,  that  this 
inference  of  safety  be  tested  preclinically  in  vitro  and  in 
vivo  prior  to  human  exposures. 
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